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CORRELATION BETWEEN METABOLISM 
AND FEEDING BEHAVIOR AND 
MULTIPLE ETIOLOGY OF OBESITY* 


Jean Mayer, Ph.D., D.Sc. 


Associate Professor of Nutrition, Harvard University Department of Nutrition, 
Harvard School of Public Health, Boston, Mass. 


INTRODUCTION 


“ue choice of “Obesity” as the subject of a symposium to 
honor the memory of A. Walter Suiter is topical. Few 
i abnormalities are the object of such widespread interest 
both among the medical profession and among the 
gq public. The fact that this symposium is held under the 
auspices of the Committee on Public Health of the Academy is also 
appropriate, There is little doubt that the prevalence of obesity in 
this country is on the increase, and that it is accompanied by increased 
mortality from a number of degenerative diseases.’ There is of course 
a strong possibility that, in many cases, the relationship between the 
disease and obesity is association rather than causation; some, such as 
the relationship between obesity and diabetes, may be even more 
complex and involve both association and causation.? There is also a 
likelihood that body type and the distribution of weight may provide 
a better correlation with incidence of associated diseases than “excess 
weight” as such.* Still, all in all, the relationship with disease is close 
enough to allow obesity to be considered a serious public health prob- 
lem, even though this lecturer believes, with Keys,* that it is not the 
“Number One” Public Health problem in this country at the present 
time as some would have us believe. 

In this lecture, I shall attempt to emphasize some of the metabolic 
aspects of the regulation of food intake; I shall illustrate the many 
possibilities of error in the regulation leading to obesity: both from 
the etiological point of view of the nature of the primary disturbance 


* Presented at the Stated Meeting of The New York Academy of Medicine as part of the Ninth 
A. Walter Suiter Lecture, a Symposium on Obesity, December 6, 1956. 
The part of the work presented in this lecture which was onmieed in this lecturer’s laboratory, 
was supported in oy by grants from the National Institute of Arthritis and Metabolic 
Diseases (Grant No. A-49) Bethesda, Md., and the Nutrition Foundation, Inc., New York. 


Bull. N. Y. Acad. Med. 


744 


MULTIPLE ETIOLOGY OF OBESITY 745 


causing obesity and from the point of view of pathogenesis, i.c., the 
mechanism of the development of obesity. I shall suggest some practical 
applications to therapy. I rely of course on my distinguished fellow- 
speakers to cover, respectively, purely neurological aspects (Dr. J. R. 
Brobeck®) and the psychiatric aspects (Dr. W. W. Hamburger’). 
Finally, | should indicate that those of my listeners who are interested 
in more thorough bibliographical references will find them in two 
extensive reviews published in 19537 and 1955.* 


INTERACTION OF HyporHALAMiIc CENTERS AND METABOLISM: THE 
“Gtucostratic” CoMPONENT IN THE REGULATION OF Foop INTAKE 


Localization of hypothalamic structures concerned with food intake 
and some of their characteristics are excellently reviewed by Dr. John 
Brobeck’® elsewhere in this symposium. However, it might be of interest 
to indicate how behavioral techniques may clarify the physiological 
function of such centers, Using a modification of the Skinner technique 


of “operant conditioning 


it was possible to follow and record for 
several days and even weeks the feeding behavior of animals, e.g., mice, 
with the ventromedial hypothalamic area damaged by stereotaxic 
lesions’? or by goldthioglucose."' Under the conditions of the experi- 
ment, normal animals exhibit during the course of a day a period of 
fast rate of eating followed by a period of satiety. Animals with 
ventromedial hypothalamic lesions do not show any increase of the 
rate of ingestion (which constitutes a behavioral measure of hunger) 
over the maximal rate of normal animals, But the “satiety” plateau 
has disappeared. This finding appears to confirm that, as suggested by 
Anand and Brobeck,” the role of the ventromedial area is to brake 
a constantly activated feeding area. It was also shown that lesions of 
the ventromedial area due to goldthioglucose administration eliminate 
the increase in food intake which, in normal animals follows chronic 
exposure to cold’* and to exercise."* It thus seems probable that the 
way in which the metabolic state intervenes to regulate food intake 
is through inhibitory influences mediated by the ventromedial area 
rather than through facilitating influences mediated through the feeding 
area. 

The exact function of this feeding area is not yet altogether clear. 
* The animals are trained to press on a lever to obtain a reward which is delivered according to 


pre-set schedules. In the adaptation to problems of food intake, the delivery of each small pellet of 
food corresponding to a mouthful is recorded. 
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In an important study Anand and Brobeck'* showed that electrolytic 
lesions in the lateral hypothalamus caused aphagia. No special con- 
sideration was given to water intake. We observed'’ that when large 
lesions were made in the same area, the animals, besides being aphagic, 
were also completely adipsic.* Daily loss of body weight in these ani- 
mals was greater than that of rats subjected to pure starvation but the 
weight loss pattern was closely simulated by normal rats given access to 
food but completely deprived of water. Some rats showed spontaneous 
recovery of eating three to eight days postoperatively, The occurrence 
of such recoveries has been noted by Teitelbaum and Stellar.'* However, 
in recovering animals, reappearance of water intake slightly preceded 
recovery of food intake. It thus appears that at the present, definite 
interpretation of the lateral area as a “feeding” area as such must await 
proof that the aphagia is not secondary to adipsia. 

The nature of the mediating mechanism between metabolic influ- 
ences and hypothalamic inhibitory impulses is of obvious interest. A 


theory proposed by Strominger and Brobeck,'*'* which saw heat 
phenomena, in particular those associated with specific dynamic action 
of food, directly regulating food intake, has been reviewed critically 
elsewhere.’ While it appears doubrful that such phenomena do in fact 
play a direct role in the quantitative adjustment of intake to require- 
ments, a degree of facilitation or inhibition attributable to small tem- 
perature variations in the hypothalamus remains an interesting possi- 
bility. Similarly, the limited but intriguing theory of Soulairac’’ which 
puts primary emphasis on carbohydrate absorption through the gastro- 
intestinal tract has been reviewed previously.’ While it has been con- 
firmed that prolonged over-consumption of a high carbohydrate diet 
increases rates of intestinal absorption of glucose,*’ this phenomenon 
has been shown to be probably secondary to hyperphagia; while it 
may act to perpetuate dysfunctions, it is unlikely to have etiologic 
significance. It serves however to remind us that there is a gastro- 
intestinal component in the hunger-satiety complex. 

The “glucostatic” hypothesis, proposed by the author and his asso- 
ciates" * postulated that the influence of the metabolic state on feeding 


behavior and its role in regulating food intake were mediated through 


the rate of passage of glucose (or of ions associated with the passage 


* The lesions, extended from just rostral to the posterior hypothalamic nucleus to just caudal to the 
supraoptic nucleus and from just ventral to the fornix to the base of the brain. Their centers 
were lateral to the fornix and the lesions touched the inner boundary of the pyramids. The supra- 
optic nuclei, ventromedial hypothalamic nuclei and the fornix were undamaged 
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of glucose, e.g., potassium and glucose phosphate) into the cells of the 


ventromedial hypothalamic area, The theory appeared difficult to test 
directly because of the apparent inaccessibility of this well protected 
hypothalamic area. For this reason, efforts were concentrated at first 
on correlation of behavioral states with peripheral measurements of 
glucose utilizations which could be considered as generally representa- 
tive of utilization by the critical midbrain area. In particular, it was 
shown*! that in man, the presence or absence of hunger sensations in 
normal individuals subjected to various nutrition states and in diabetic 
patients correlated well with, respectively, large and small arteriovenous 
or capillary venous glucose differences (“A glucose”); these, of course, 
are indicators of availability of carbohydrates to extrahepatic tissues. 

Stunkard and Wolff? confirmed these findings and in addition 
showed that the presence of gastric “hunger” contractions correlated 
well with subjective hunger feelings and small 4-glucose values, while 
the absence of hunger contractions correlated well with absence of 
hunger feelings and large 4-glucose values. 

The fact that glucose infusions do not invariably eliminate hunger 
had been construed by Bernstein and Grossman** to be an insuperable 
objection to the glucostatic theory. The question was successfully re- 
examined by Stunkard and Wolff** who infused glucose in 40 normal 
and diabetic subjects. They administered 50 ml. of a 50 per cent solution. 
Gastric “hunger” contractions were eliminated in 19 subjects. Ten and 
twenty minutes after the infusion arteriovenous differences were signifi- 
cantly higher in the subjects in whom gastric contractions were elim- 
inated, indicating a more active utilization of carbohydrates in these 
individuals. In 14 of the 19 subjects in whom the contractions had been 
stopped, contractions resumed, after a lapse lasting on the average 47 
minutes. In the five other subjects A-V differences (“A-glucose”’) 
remained elevated. 

A more reproducible method of increasing the availability of car- 
bohydrates to non-hepatic tissues is through the administration of glu- 
cagon, the pancreatic glycogenolytic factor which acts apparently 
through activation of hepatic phosphorylase. Glucose thus released is 
well utilized and both blood glucose level and 4-glucose are invariably 
increased when this hormone is administered. Over 50 experiments on 
human subjects have been conducted since the appearance of the first 
note on the effect of glucagon on gastric hunger contractions.”° In all 
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cases, gastric contractions and hunger sensations are immediately and 
strikingly eliminated by glucagon administration. At the same time, 
A-glucose values are drastically increased. As these, after a variable 
interval, wane, hunger sensations and gastric contractions reappear even 
at absolute levels of blood glucose which are still higher than the fasting 
values. Particularly striking is the observation of Stunkard** on a decor- 
ticate starved patient in whom continuous gastric hunger contractions 
were eliminated by glucagon administration while attempts by other 
methods (excluding food) had failed. The observations in human sub- 
jects on elimination of gastric contractions by glucagon have been 
reproduced in rats where the use of intragastric balloons has been intro- 
duced, In these animals it is possible to correlate the presence or absence 
of gastric contractions with behavior through the use of operant con- 
ditioning techniques.** 

An even more cogent indication in favor of a glucostatic component 
in the regulation of food intake is that goldthioglucose, but not other 
goldthio-compounds of similar toxicity, produces destructive lesions 
in the ventromedial hypothalamic area.'*** These lesions are most 
severe in the ventromedial nuclei but also involve the ventral part of 
the lateral hypothalamic area, the arcuate nucleus and the median emin- 
ence, Goldthiosorbitol does not cause such lesions nor does it produce 
obesity, in spite of the structural similarity between glucose and sorbi- 
tol. Similarly, compounds in which gold is linked by a sulfur bridge 
to normal metabolites other than glucose, such as malic acid, caproic 
acid or glycerol, do not induce hypothalamic lesions or obesity. Gold- 
thioglucose hypothalamic lesions can be induced in the rat as well 
as in the mouse.** It thus appears that gold is dragged into the ventro- 
medial hypothalamic cells which it destroys because of the peculiar 
affinity for glucose displayed by these cells. This particular hypothal- 
amic area had already been shown by Forssberg and Larsson*® to exhibit 
a typical glucose and phosphate metabolism. Incidentally, it is worthy 
of note that hypothalamic lesions induced by goldthioglucose are much 
more “purely” hyperphagic than lesions performed in the same area 
by electrocoagulation, Goldthioglucose obese animals do not display to 
the same degree the associated symptoms, such as gonadal dysfunction 


or disturbance in water balance, seen in animals made obese through 
hypothalamic lesions obtained by electrocoagulation, The histologic 
figures of goldthioglucose lesions also confirm that functional localiza- 


Bull. N. Y. Acad. Med. 


MULTIPLE ETIOLOGY OF OBESITY 749 


tion is not limited to a given nucleus but that greater or lesser densities 
of glucoreceptive cells with food intake regulating functions are to be 
found throughout the ventromedial hypothalamus, interspersed with 
cells performing other functions. 

Thus we arrive at the following conception: There are, as Drs. 
Brobeck® and Hamburger* expound elsewhere in this symposium, a 
great many physiologic and psychologic factors influencing food in- 
take; these may intervene at several levels in the central nervous sys- 
tem, in particular the lateral hypothalamic area, the thalamus, the 
frontal lobes and other parts of the brain cortex. Among these factors, 
the metabolic state of the organism is of particular importance; it is 
the factor which “regulates” food intake, i.e., which adjusts intake 
to output.* 

At least part of the mode of action of this factor is through a 
glucostatic mechanism based on the ventromedial hypothalamic area. 
While a part of the awareness of hunger is through awareness of gastric 
contractions, (which in turn may be controlled in part by central de- 
privation), it appears that it is not through activation of hunger as such 
but through the application of a satiety brake that this ventromedial 
glucostatic mechanism operates. 

The quantitative operation of the regulating mechanism is still 
mysterious, Some indication of the over-all characteristics are of course 
available. In the adult animals, Cowgill®* and Gasnier and A. Mayer* 
have shown that the intake is in constant ratio to the output. A. Mayer 
further showed that in caged animals the precision of regulation was 
better when the energy output was increased by exposure to cold. Our 
results have shown that similarly, the precision of the regulation is 
better when animals and men have to perform moderate exercise than 
when they are inactive.* In growing animals, food intake seems to be 
so determined that the thermochemical efficiency of growth, Le., 
the ratio of calories deposited to calories ingested is constant from 
weaning to puberty.** On poorer diets, the thermochemical efficiency 
of growth declines somewhat earlier. It also appears that besides the 
short term mechanism—probably glucostatic—operating to adjust intake 
to output, another slower and somewhat sluggish mechanism intervenes 
which corrects on a long-term basis imprecisions of the short-term 
mechanism and permits greater constancy of adult size and growth rate. 


* The characteristics of the mode of regulation, limits; precision, reproducibility, etc. first elaborated 
by Gasnier and A. Mayer® have been reviewed in a recent report.™ 
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TABLE 


1.—TYPES OF OBESITY* 


In mice 


Genetic: 


Of hypothalamic origin: 


Of endocrine origin: 
Otherwise induced: 


In rats 
Genetic: 
Of hypothalamic origin: 


Of other central nervous 
system origin: 


Of endocrine origin: 


Otherwise induced: 


In dogs 


Genetic: 
Of hypothalamic origin: 


Otherwise induced: 


In monkeys 
Of hypothalamic origin: 


Of other central nervous 
system origin: 


In farm animals 


Genetic: 
Of endocrine origin: 


Otherwise induced: 


“Yellow” obesity, associated with coat color; hetero- 
zygous, dominant character; normal mating. “Heredi- 
tary obese hyperglycemic syndreme”; homozygous, 
recessive character associated with absence of mating. 
“NZO” obesity; homozygous recessive character, nor- 
mal mating.” 


Spontaneous 
Surgically induced 
Induced by goldthioglucose.™ 


Caused by injection of pituitary tumors secreting 
adrenocorticotrophic hormone. 


By high-fat diet. 


Associated with diabetes. 


Induced by bilateral or unilateral lesions. 


From frontal lobe damage. 


From hypertrophy of adrenal cortical tissue. 

From prolonged treatment with protamine zine insulin, 
or insulin with forced feeding. 

After thyroidectomy with hypothalamic lesions or with 
forced feeding. 


By immobilization. 
By high-fat diet, Osborn-Mendel Strain.* 
By conditioning.” 


In the Shetland sheepdog, recessive character. 
Spontaneous. 

Surgically induced. 

Due to paraventricular degeneration caused by corti- 
cotrophin or cortisone. 


By immobilization. 


Surgically induced. 


Surgically induced by lesions of the thalamus. 


In strains selectively bred for fat, in particular, pigs 
bred for lard. 


Induced by castration and by estrogens in the fowl; by 
castration and implants of estrogens in male cattle. 


By immobilization in pigs, cattle and geese; by forced 
feeding in geese for production of foie gras, 


[Table 1 ce ntinued on neat page| 
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In man 


Genetic: A multiplicity of genes have been studied by Newman, 
von Vershuer, Bauer, Gurney, Rony, Angel and others, 
reviewed by Mayer. 

In congenital adipose macrosomia, 

In monstrous infantile obesity. 

Associated with Laurence Moon Biedl syndrome. 
Associated with hyperostosis frontalis interna. 
Associated with von Gierke’s disease. 

In familial hypoglycemosis (congenital lack of alpha 
cells). 


Of hypothalamic origin: In dystrophia adiposogenitalis, with discrete or diffuse 
hypothalamic injury; occasionally with panhypopitu- 
itarism and narcolepsy; Kleine Levin syndrome. 

Of other central nervous 

system origin: After frontal lobotomy. 
In association with cortical lesions, in particular, bilat- 
eral frontal lesions. 


Of endocrine origin: With insulin-producing adenoma of the islets of Lang- 
erhans, with diffuse hyperplasia of the islets, and in 
association with diabetes. 

With chromophobe adenoma of the pituitary without 
hypothalamic injury. 

In Cushing’s syndrome (hyperglycocorticoidism). 
From treatment with cortisone or adrenocorticotrophic 
hormone. 

In the Bongiovanni Eisenmenger syndrome. 

In disorders of the reproductive system: gynandrism 
and gynism, aspermatogenic gynecomastia without 
aleydigism; male hypogonadism (sometimes with buli- 
mia), postpuberal castration, menopause, ovarian dis- 
order, paradoxical Gilbert Dreyfus disorder. 

In pseudohypoparathyroidism. 


Otherwise induced: By immobilization in adults and children. 
By psychic disturbance. 
By social and cultural pressure. 


* The only references included in this table are those not included in the original table because 
of later discovery or identification. 


It is possible that the operation of this slow long-term mechanism 
rests on the state of the fat depots at a given time.* *! 


Muttiece Ertotogy anp Duat PATHOGENESIS OF OBESITY 


The development of the various forms of obesity can be considered 
either from the point of view of etiology or from the point of patho- 
genesis. The point of view of etiology has been developed at length 
in a previous review,’ in which genetic, traumatic and environmental 
factors were distinguished, Obviously, such a distinction, although 
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useful, entails a certain degree of oversimplification; for obesity to 
develop, there has to be permissive interaction of genetic and of en- 
vironmental factors, or genetic, traumatic and environmental factors. 
However, this very simplification permits a useful classification, through 
the singling out of the characteristic element in the etiology. Table I 
is an adaptation of a table given in a recent and more extensive review,* 
which gives references for the different types cited. 

The author and his associates* have also been led to introduce a 
general distinction between “regulatory” obesities, where the primary 
impairment is one of the central mechanism regulating food intake, and 
“metabolic” obesities, where the primary lesion is an inborn or acquired 
error in the metabolism of tissues other than the regulating centers. 
In the first case, habitual hyperphagia may lead to secondary metabolic 
abnormalities. In the second case, peripheral metabolic dysfunction may 
in turn interfere with the proper function of the central nervous system. 
This difference has been illustrated in our laboratory by comparisons 
between different types of obesity in mice. 


“Regulatory” obesities are illustrated by the hypothalamic obesities 
induced either by surgical (stereotaxic) bilateral destructions of the 
ventromedial nuclei’? or by extensive symmetrical destructions in the 
ventromedial area after goldthioglucose administration."' Mice with 
these syndromes show hyperphagia and their weights may reach four 
times the normal. Their rate of lipogenesis and cholesterogenesis (as 
measured by incorporation of radioacetate into hepatic and extrahepatic 
fatty acids and cholesterol, in vivo and in vitro) is increased in the 
measure that they are allowed to overeat. Fasting brings lipogenesis 
down to normal fasted levels.**** The rate of glucose absorption by 
the intestine is increased, but again this appears to be a non-specific 
consequence of hyperphagia.” Blood cholesterol and glucose levels may 
be slightly elevated in elderly very obese animals but this appears to be 
a direct result of their “lipoplethoric” state.*:**° When such obese 
animals are reduced by fasting, their body composition returns to 
normal as their weight returns to normal.‘ 

The situation in “metabolic” obesities such as the hereditary obese 
hyperglycemic syndrome** or the obesity due to the grafting of 
ACTH secreting pituitary tumors*'** is in striking contrast. 

Obese hyperglycemic mice show an obesity as extreme as that seen 
in the hypothalamic types. Though their hyperphagia is usually less 
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pronounced, they derive their caloric surplus in part from the relative 
inactivity. They are either markedly hyperglycemic or hyperglycemia 
can be readily elicited by administration of growth hormone, to which 
the blood glucose of normal littermates (or of littermates made obese 
by hypothalamic lesions-stereotaxic or goldthioglucose) shows little or 
no reaction. They show marked hypercholesterolemia. They display 
a variety of atypical responses to the effect of hormones. While means 
of “physical” defense against cold (such as piloerection, vasoconstric- 
tion, etc.) are intact, obese hyperglycemic mice are incapable of 
raising their metabolism in the cold and as a result die rapidly when 
exposed to low temperatures. Mice with the obese hyperglycemic 
syndrome show considerably hypertrophied islets of Langerhans, both 
as concerns alpha and beta cells,** an increased pancreatic insulin*® and 
glucagon** content, which supports a previously postulated etiology** of 
primary pancreatic dysfunction, namely increased insulin secretion and 
probably increased glucagon secretion. Such an etiology is supported by 
the fact that obese hyperglycemic mice show a sixfold increase in the 
rate of hepatic glycogen turnover*’ and in hepatic phosphorylase ac- 
tivity.“* (Glucagon is known to activate hepatic phosphorylase.) Of 
particularly critical importance in the definition of “metabolic” obesity 
are the facts that in this syndrome, fasted rates of lipogenesis are 
increased over the fasted normal rates**** *” and reducing the animals 
to normal weight by underfeeding them does not bring body composi- 
tion back to normal, but leaves them with a fat content still consider- 
ably increased over the normal at the expense of non-fat tissues.* *° 

It is particularly interesting to note that another type of genetic 
obesity in mice, also associated with hyperglycemia has been described 
recently by workers in New Zealand.** These “NZO mice” exhibit a 
syndrome which, in spite of certain resemblances, is different from the 
hereditary obese-hyperglycemic syndrome studied in your lecturer’s 
laboratory. In particular these animals mate and produce offspring 


(instead of having to be obtained by mating of non-obese carriers of 
the obese gene or by artificial insemination or ovum transplantation). 
Extensive metabolic studies have not yet been published but reaction 
of the blood glucose level to fasting appears quite different in these 
animals: the usually high blood sugar levels of NZO mice may go even 
higher during a fast instead of going down rapidly when food is with- 
drawn as in the hereditary obese hyperglycemic syndrome. In the 
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NZO mice low glucose values are observed during pregnancy, and very 
low values at parturition, Like the hereditarily obese hyperglycemic 
mice, the NZO mice show insulin resistance. 

Mice made obese by grafting ACTH secreting tumors show a 
number of metabolic abnormalities. Blood glucose levels are high in 
some animals, The blood sugars of all such mice show a remarkable 
stability under fasting conditions. Liver glycogen levels also remain 
higher than normal under fasting conditions, doubtless reflecting more 
active gluconeogenesis because of increase in circulating corticoster- 
oids.*' Hepatic glucose—6—phosphatase activity is increased (while 
phosphorylase activity is normal, unlike the finding in the obese hyper- 
glycemic syndrome"). As in other forms of metabolic obesity (and 
characteristic of the class), the fasted rate of lipogenesis is greater than 
the normal fasted rate.“ When these animals are reduced to normal 
weight, their fat content is still much higher than normal,** another 
typical feature of metabolic obesities. 

Behavioral studies also emphasize the difference between “regula- 
tory” and “metabolic” obesities in mice.™: *' Regulatory and metabolic 
types react differently to different diets.* Similarly, the association with 
pathological conditions differs between the two classes.* This has been 
analyzed, as regards the complex interrelationships between various 
types of obesity and diabetes, in a recent review on hyperglycemia.” 

Finally, it may be worthy of mention that the distinction between 
“regulatory” and “metabolic” pathogenesis has been extended to an- 
orexias and to the mode of action of anorexigenic drugs,* and has 
been used as a basis for the experimental analysis of the mechanism of 
anorexia in certain deficiencies.” 


LIMITATION OF NorMAL ReGuLaTiIon LEADING TO OBESITY 


Allusion has already been made to the fact that under conditions 
of reduced output, the regulation of food intake may become very 
imprecise. A corollary is that when otherwise normal animals are placed 
under outlandish conditions the regulation of food intake may not 
adjust any more their intake to their energy output. Such a situation is 
encountered when animals are caged or their movements otherwise 
restricted; or in man, when activity is decreased to extremely low 
levels.°*°* It is also encountered in certain strains of animals when 
these are fed a ration abnormally high in fat.* ** 
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EXTENSION OF THese Concepts To MAN 


A description of genetic, traumatic and environmental factors lead- 
ing to obesity in man has been given at length in a previous review" and 
forms of obesity classified according to these etiological concepts are 
given in Table I. 

Literal extension of the examples worked out in the mouse or other 
experimental animals to man is not possible, though there are indications 
that the overweight, middle age, non-ketotic type of diabetes in human 
subjects may be analogous to the hereditary obese hyperglycemic syn- 
drome of mice. On the other hand, extension to man of the general 
concept of the existence of “regulatory” and “metabolic” hyperphagias 
(or anorexias) appears legitimate. For example, psychogenic obesities 


would be generally regulatory; endocrine obesities, metabolic. Such a 
distinction between these two classes plus the multiplicity of types 
within each class leads one to expect that obese patients may exhibit 
different reactions to the same treatment; in particular it may explain 
why certain patients find it easier to stay on certain reducing diets, 
others on diets of almost inverse composition. 

Finally, considerable evidence has been adduced that in man, too, 
the range of adaptation of normal regulation does not cover the com- 
plete range of possible energy expenditures; in adult man at very low 
activity ranges, appetite does not decrease in proportion to caloric 
output, with resultant accumulation of fat.“ In adolescents, obesity 1s 
more characteristically associated with inactivity than with intakes 
much in excess of normal.” Conversely, vigorously exercising obese 
adolescents results in decrease of their fat content even when no 
attempt is made to control intake.’ These facts may be of particular 
importance in view of the prevalence of obesity in the school popula- 
tion.** 


PRACTICAL SUGGESTIONS 


Your speaker concluded a review published in a British scientific 


journal two years ago* with some practical suggestions resulting from 2. | 
experience gained in several years of studying the problems of obesity. 

In a lecture given under the auspices of the Public Health Committee g 
of the Academy and before an audience which includes many practic- ‘a 


ing physicians engaged in the treatment of obesity, it may be useful 
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to reiterate these suggestions; especially since the journal in which they 
originally appeared may not be generally available to this audience. 

General Attitude of the Therapist. Obesity is not a moral issue. It 
is a medical problem, complex and little understood, Censorious com- 
ments, sermons, and the shifting of the entire responsibility on to the 
patient are neither proper nor effective. 

Diagnosis of Obesity. Blind application of height-weight tables is 
unscientific. The principles underlying the construction of these tables 
have been ably criticized by Keys. In practice, extreme deviations 
from the average are obvious, Small deviations cannot be interpreted 
without examination of the patient for muscle development. The old- 
fashioned pinching method is a cheap and simple substitute for under- 
water weighing, measurement of thiocyanate or deuterium space, and 
the like. 

Inducements to the Patient. “Scare” propaganda is one of the curses 
of the modern world, Though the association of obesity with increased 
mortality and morbidity risks is established, distinction between asso- 
ciation and causation is not always clear. There is enough evidence to 
justify reduction programs to promote health as well as on esthetic 
grounds, but there are dangers in threats as well as in excessive promises 
of reward. This has been particularly emphasized by Bruch (personal 
communication) as regards children. 

Informing and Misinforming the Patient. It is necessary to inform 
the patient about the first law of thermodynamics, and about the calorie 
value of foods, The importance of the latter cannot be overemphasized. 


Sound knowledge of the calorie value of foods will not only guide the 
patient during treatment, it will also protect him against the dishonest 
claims of manufacturers of “miracle foods” (such as “low calorie bread”’). 


It is wrong and dangerous to belittle the influence of genes or exercise. 

Use of Hereditary Data. It has been repeatedly shown (see above) 
that obesity runs in families, with genetic as well as environmental fac- 
tors involved. Studies in the United States have shown that less than 
10 per cent of the children of parents of normal weight are obese, but 
that the proportion rises to 50 per cent if one parent is obese and to 80 
per cent if both parents are obese. Studies of identical and fraternal 
twins have shown that food habits are not the main factor, Instead 
of denying the facts of heredity it would be more intelligent and 
effective to use them to detect other overweight persons and, more 
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important, to try to prevent the development of obesity in susceptible 
children. Obesity is most malignant when the onset is early. 
Exercise. Natural selection, operating for hundreds of thousands of 
years, made men active, resourceful creatures, well prepared to be 
hunters, fishermen or farmers. The mechanism regulating food intake 
was not adapted to the highly mechanized conditions of modern life, 
any more than animals were evolved to live in a cage. In many cases 
adaptation to modern conditions without development of obesity im- 
plies that the person will have either to step up his activity or endure 
mild or acute hunger all his life. The first alternative is difficult, especial- 
ly in the United States and Canada, where the cities offer little 
inducement to walking and are often poorly provided with facilities 
for adult exercise. Even among the young, highly competitive sports 
for the few are often emphasized at the expense of individual sports 
which all could learn and continue to enjoy after school and college 
years are over. If the first alternative, stepping up activity is difficult, 
it is well to remember that the second alternative, lifetime hunger, is 
so much more difficult that to rely on it for weight control in cases 
of sedentary overweight can only continue to produce the fiascos of 
the past. Strenuous exercise on an irregular basis, in untrained persons 
already obese, is obviously not what is advocated here. But a re-organi- 
zation of one’s life to include regular exercise adapted to one’s physical 
capacity is a sound preventive measure and a justified return to the 
wisdom of the ages. Moderate exercise during weight reduction, when 
practicable, also helps in promoting nitrogen balance and muscle tone. 
Diets. The essential principle to follow in devising the diets is that 
a good reducing diet is one on which the patient does not feel too 
hungry. The diversity of probable etiologies makes it likely that differ- 
ent patients will feel more comfortable on different types of diet. In 
practice, the choice of foods by obese individuals and their feeding 
patterns are as diverse as in normal subjects.” Judging from literature 
reports, it appears that successful weight reduction has been observed 
on high fat, low carbohydrate diets; on high protein, low fat diets; 
on high protein, moderate fat diets; on low protein diets; on diets of aver- 
age composition where calories have been cut down without changes 
in the proportion of nutrients. On the other hand, it has been repeatedly 
found®'** that most obese patients tend to do their overeating late in 
the day and at night, which indicates that evening eating should be 
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controlled with particular care. Diet prescription should be an indi- 
vidual operation, adapted to the patient’s rate of energy expenditure 
and the desired rate of weight loss. It should furnish an opportunity for 
education in the calorie value of foods, It should also permit nutrition 
education in general, Finally, it should be experimental; trial and error 
will permit the finding of the most effective diet, as well as the most 
suitable schedule of exercise. “Fad” diets may have a short-term value 
but they have no lasting educational or practical worth. If, as some have 
claimed, it is possible to “shrink the stomach” or “re-train the appe- 
tite”, special diets might perhaps be used for that purpose before a 
change is made to a more normal diet. The evidence offered in favor 
of the process is, however, very scanty. In some cases, better success 
is obtained with smaller and more frequent meals. The practice of 
eating slowly seems desirable on physiological grounds, since satiety 
mechanisms are likely to need time to take effect; it is desirable on 
psychological grounds also, 

Obesity in Childhood and Pregnancy. It seems undesirable as a rule 
to attempt to reduce weight in children or pregnant women. A better 
solution consists in keeping the child’s or the pregnant woman’s weight 
at its existing value and letting the child “grow up” to the weight or 
letting postpartum weight loss achieve at least part of the desired result 
in the pregnant woman. It is important to remember, when dealing with 
obesity in childhood, that inactivity may be the major cause and that it 
may be easier and more effective to step up activity than to reduce food 
intake, Care must be exercised, particularly with children obese since 
their youth, not to do more harm than good; with present methods, the 
prognosis for such subjects is generally poor and the psychological 
trauma of persistent and tactless attempts at reduction may be con- 
siderable. 

Limitations of Potential Success. It ought to be more generally 
recognized that present-day methods are ineffective with many indi- 
viduals, With some patients, psychiatrists feel that attempts at weight 
reduction may be undesirable in the absence of a complete physiological 
and psychological investigation which may be out of the question, Ohl- 


son and associates™ showed that a certain type of obese patient is 


invariably thrown into negative nitrogen balance on reducing diets, 


even of the high-protein variety, and that the weight of this type of 
obese patient returns rapidly to its original level when the period of 
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treatment is over. In general, few problems are more important in this 


field than the typing of obese patients as regards their anthropometric, 


metabolic and psychological characteristics. Modes of response to dif- 
ferent treatments are doubtless related to the nature of the abnormalities 
which had led to obesity. 
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NEURAL FACTORS IN OBESITY* 


Joun R. Broseck 


Professor and Chairman, Department of Physiology 
School of Medicine, University of Pennsylvania, Philadelphia, Pa. 


RESITY iS always the result of an imbalance between 
energy intake and energy expenditure, where intake 


energy to accumulate as excess fat. Thus, obesity is a 


i exceeds expenditure over a period long enough to allow 
4] 


esesesesesesy) token of some long-standing error in regulation of 
energy exchange. In adult animals or man there are only a few types 
of error that can cause obesity, since in addition to body weight only 
three factors are involved in energy exchange. Food is the only source 
of energy, while heat production and work output are the only avenues 
of expenditure (excluding storage as fat); gain of weight is possible 
only when food is greater than heat and work, combined. The fact 
that most of us preserve a fairly stable body weight is evidence for 
the precision of the regulation of these variables, but an exact balance 
is not always maintained, even in normal individuals, and a gain of 
weight and even a true obesity can sometimes be induced merely by 
altering the composition of the diet or environmental conditions. 

In my opinion there is no conclusive evidence that body weight is 
regulated as such, although there are many data which indicate that 
it is controlled indirectly through regulation of the other three variables. 
Food intake, heat loss, and exercise, however, are definitely regulated. 
If the regulations are set so that intake exceeds heat loss and exercise, 
weight gain invariably occurs until a new equilibrium state is reached 
at a larger body mass; or if food be less than heat production and work, 
the body loses weight and stabilizes at a new, lower level unless the 
animal dies first from starvation. Neither the regulation of heat 
loss nor that of exercise is directed toward the maintenance of a 
constant weight. That is, an animal will not maintain a lower body 
temperature to conserve mass, nor will it (short of starvation) reduce 
activity to preserve weight or weight gain. It follows, therefore, that 
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whenever body weight is constant in spite of variations in heat loss 
or activity, this constancy represents a proportional variation in food 
intake which often, but not invariably, changes in proportion to 
energy output. 

All of these adjustments and variations come ultimately from the 
central nervous system. Many levels of the brain take part—from peri- 
pheral nerves to highest levels of the cortex. The higher the level in 
the neuro-axis, the more complicated the integration, Since the cerebral 
cortex is the highest level, it is assumed to be responsible for the most 
elaborate phenomena, for the influence of habit, prejudice, and emo- 
tional states as they affect energy exchange, as well as for selection 
or preferences among the variables. Possibly the cortex acts through 
the hypothalamus, but it may very well act directly upon lower 
centers, even at a reflex level. Interactions between the cerebral cortex 
and these lower mechanisms may be related to the psychiatric factors 
important in the genesis of obesity. 

The level of the nervous system most definitely known to be asso- 
ciated with obesity is the hypothalamus. Lesions here lead to an obesity 
that is caused mainly by increased food intake or hyperphagia. Yet 
other variables of energy exchange are also regulated by this part of 
the brain, and selected lesions may disturb regulation of body tempera- 
ture, including both heat production and heat loss, may affect the 
animal’s motor output or its sleep-waking cycle. Since the hypothalamus 
appears to be capable of modifying every one of the factors in energy 
exchange, it has come to be regarded as the region that integrates these 
variables into patterns of regulation. The stabilization of body weight 
seen in most normal adult individuals is one such pattern of regulation. 

Before going further with this subject, may I review briefly some 
of the interrelationships among the several variables of energy ex- 
change. In laboratory animals one can arrange experiments to demon- 
strate what happens to food intake, activity, and body weight, for 
example, when heat loss is altered by warming or cooling the environ- 
ment. Or changes in activity and weight can be recorded when food 
intake is changed. Many of the experiments illustrated in the accom- 
panying figures were designed to study these relationships with refer- 
ence to one particular hypothesis of the nature of the regulation. This 
hypothesis, proposed in 1948, is that “both food and work represent 
important sources of heat for the organism, and the amount of food 
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Figure 1. Food intake (upper graph) and body temperature change (lower graph) of 
rats exposed to selected environmental temperatures for 18 hours. Where heating 


induced fever, food intake was low or even absent. (From Brobeck’, reprinted by 
permission. ) 


Figure 2. Spontaneous locomotor activity of rats fed selected amounts of food. Activity 
was always less on the larger food intake. 


eaten or muscular activity undertaken is determined in part by the 
animal’s need for heat and its ability to lose heat to the environment”. 
I shall not attempt in a few words here to verify this hypothesis, 
although it may serve as a guide to the interpretation of certain of the 
experiments now to be described. A more extensive account is found in 
a paper now in press elsewhere.” 

The experiment summarized in Figure 1 was performed by measur- 
ing food intake and body temperature in rats exposed for 18 hours to 


any one of a series of temperatures ranging from 65° to 97°F. At the 
cooler temperatures the animals ate a large amount of food, and experi- 
enced a slight rise in body temperature, probably because they were 
more active at the end than at the beginning of the experiment. At 
intermediate temperatures food intake was less, and the final body 
temperature was lower than the initial one. When the room tempera- 


ture was above go”, however, food intake was negligible; here the rats 
were beginning to have a true fever. At 94°F. room temperature their 
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body temperatures were comparable to those at 65°F., but food intake 
was much less in the hot than in the cooler environment. At 97°F. 
they ate nothing, and had fevers averaging about 2.5°F. above resting 
values. The data show that animals eat more in a cool and less in a 
warm environment, and that if the room is hot enough so that they 
are unable to prevent a fever, they will not eat at all. 

Figure 2 shows the nature of the correlation between food intake 
and spontaneous activity. Here the rats were given arbitrarily chosen 
amounts of food, differing in the three different experiments of the 
series. In each of the three experiments the food intake was limited 
at first, then increased by a fixed amount. All of the data show that 
activity decreases when the available food is increased, or, stated differ- 
ently, that limitation of food is accompanied by increased activity, while 
ad libitum feeding tends to reduce the activity. Under natural condi- 
tions this mechanism serving to increase activity when food is limited 
is obviously important to the animal as a method for finding more food. 
It is not a learned response, since it can be observed also under labora- 
tory conditions in rats that have never been given an opportunity to 
migrate in search of food. It seems to represent an innate behavior in 
this particular situation. A similar type of response is shown in Figure 
3, where food intake was constant during changes in room tempera- 
ture. The animals in this experiment ran less at warmer temperatures, 
more when the room was cool. Stevenson® has studied these relation- 
ships more thoroughly, and one of his figures includes data from food 
intake, activity, and temperature all in one experiment. He found that 
in animals fed ad libitum there was a slight but definite increase in 
activity as room temperature was lowered (Fig. 4). In animals not fed 
for four days, activity in the cold was more than six times greater than 
in similar rats fasted at 33°C. But when the fasting experiment was 
performed with rats acclimatized to cold, the activity in the cold 
environment, though definitely increased, was significantly less than in 
non-acclimatized rats at the same temperature. 

All of these experiments, as Stevenson has noted, are consistent with 
the hypothesis that the conditions of temperature regulation are im- 
portant in regulation of activity as well as food intake. The regulation 
is sometimes set so as to disturb further the energy balance. Thus, when 
the room is cool or food is limited, animals spend energy for extra 
activity even though they hasten by this process the exhaustion of their 
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Figure 5. Activity and weight gain of rat fed constant amount of food. 
When cage was blocked to prevent running, rat gained weight, but when 
running was permitted, the animal ran so much that body weight fell. 


energy reserves (Fig. 5). If the room is warm, they fail to eat even 
though they lose weight because of the energy deficit. If the goal of 
the regulations were energy balance, these responses would be para- 
doxical ones. But if the more immediate basis of the regulation is the 
maintenance of body temperature, then the responses are appropriate 
to the circumstances, Energy balance, if it is to be achieved, requires 
other types of adjustments. Under the conditions of these experiments 
where other compensations were not available to the animals, the com- 
mon denominator of temperature regulation becomes emphasized. 
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Figure 6. Estral cycles of running and food intake, Intake was 
low at estrus when activity was high. (From Brobeck and others.*) 


One other type of evidence for the regulation of energy exchange 
may be reviewed, in this instance by utilizing the estrous cycle as a 
means of demonstrating variations. When female rats are in estrus, their 
activity is significantly increased (for references, please refer to Bro- 
beck, Wheatland and Strominger*) and since estrus recurs every four 
to five days, the activity cycle is an obvious picture of the estral cycle. 
Knowing that these large variations in activity occur, experiments were 
undertaken to learn whether there are also cycles in the other variables, 
food intake, body temperature, and body weight. The presence of 
these other cycles is shown in Figures 6, 7 and 8. Estral cycles, there- 
fore, in addition to their more obvious features in reproductive behavior, 
are accompanied by variations in the conditions of energy exchange in 
which at the time of estrus the energy output is high and intake is low, 
while during di-estrus the output is low and intake is high. If the hypo- 
thalamus is involved in the control of the anterior pituitary gland and 
the gonads, as many investigators believe, these experiments appear to 
provide evidence that the hypothalamus is an integrator of sexual cycles 
and energy exchange. 

More definite evidence that the hypothalamus is the regulator may 


Bull. N. Y. Acad. Med. 


2 
2 
> 
q 
> 
> 
q 
> 
Sia. 
x 
a6 
< 
a4 
2 


NEURAL FACTORS IN OBESITY 7 69 
6. 64 6 2 6.20.24 2 


ACTIVITY, REV./DaY 


103 
Ni \ | 
VY \ 


RAT 


BODY TEMP., 
8 


© 


Figure 7. Estral cycles of running and body temperature. 


be obtained from studies on animals with hypothalamic lesions, Of the 
many reports describing these animals, I shall select only one, that of 
Anand, whose data show the dual nature of hypothalamic control of 
feeding.* Anand found that, whereas lesions in the medial portion of 
the hypothalamus lead to overeating and obesity, as other investigators 
had noted before him, lesions situated more laterally bring about a 
failure of feeding or aphagia which persists in many cases until death. 
Anand’s data, and similar reports from other laboratories, point up the 
importance of the hypothalamus in regulation of food intake—a particu- 
lar phase of regulation of energy exchange. Orher data suggest a 
similar regulation of body temperature and activity, but only those 
relating to food intake are included here because of the obvious corre- 
lation between hyperphagia and obesity. There is also evidence for 
combined deficits of regulation, including Hetherington’s observations 
that fat animals are less active than normal,® and our own finding that 
some rats with hypothalamic lesions outgain the controls with which 
they are pair fed. The purpose of this symposium is to discuss obesity, 
however, rather than these regulations, and this paper is presented as 
a reminder that obesity is caused by an imbalance of energy exchange, 
that lesions in the hypothalamus may alter the energy exchange, and 


November 1957, Vol. 33, No. 11 


af 
| 
ons 
= 
L_ 
fe 
‘ 


J. R. BROBECK 


1. 


& 


BODY WEIGHT, 


‘ 


RAT 


. 2) es . 


A94 


BODY TEMP. 


8 


Figure 8, Cycles of running, body temperature, and body weight, 
including a period of pseudo-pregnancy beginning at the arrow. 


that when obesity follows such lesions, it is caused primarily by an 


increase of energy intake—by hyperphagia. 

This review should not imply that the neural regulation of energy 
exchange is thoroughly understood; many points of uncertainty remain. 
Nevertheless, it appears that adequate methods are now available for 
further research, together with appropriate hypotheses for testing by 
these methods. As these regulations are better understood, the nature of 
the abnormalities leading to obesity in human subjects becomes apparent 
and provides a basis for more successful diagnosis and treatment of 


this condition. 
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@seseSesesesed was become the vogue in recent years to include a psy- 


esac 


chiatrist on panels discussing obesity. | am delighted to be 
8 the one invited this evening to join the distinguished in- 
vestigators in this symposium honoring the memory of 
yesesesesesesa Doctor Augustus Walter Suiter. Having read of Dr. 
Suiter’s abiding interest in Public Health and Preventive Medicine in 
New York State and in the nation,’* I am sure he would be pleased 


with our subject tonight, representing as it does, one of our major 
public health problems. However, I have been trying to think through 
the essential meaning of psychiatric participation in this topic. I hope 
it is not just a fad. Actually I think there are several pertinent reasons. 

First, the psychiatrist is that medical clinician who is focussed on 
the behavior of man and the forces, both rational and irrational, which 
motivate behavior. Eating behavior can rightfully be included in this 
sphere of observation. The eating behavior of the obese, be he man or 
mouse, represents an excess of food intake beyond caloric require- 
ments. | am sure Doctors Mayer and Brobeck will agree with me that 
hyperphagia (over-eating) is a necessary, although not sufficient factor, 
in the development of obesity in all species. The psychiatrist knows 
from his clinical work that similar behavior may have many different 
meanings and motivations. We have conventionally assumed that eating 
is always for nutritional purposes. Eating for such purposes is then 
logical and rational behavior, Preliminary psychiatric observations in 
human obesity suggest a first hypothesis that some of the hyperphagia 
is for non-nutritional purposes. Hence this type of eating appears to be 
illogical or irrational behavior. By this I simply mean that the reasons 
for non-nutritional eating may not be immediately apparent to either 
the patient or his physician. Modern psychiatrists also know from their 
work that behavior which may appear to be inappropriate, does indeed 
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have a purpose and logic, when we can ferret out the hidden meanings 
by appropriate study. The need to examine this first hypothesis con- 
cerning non-nutritional eating is one reason why psychiatric partici- 
pation may make a contribution to the understanding of the syndrome 
of obesity. 

A second reason for psychiatric participation is the fact that both 
hunger and appetite are feeling states or psychological experiences 
which lead the organism to the purposeful motor act of eating. Nutri- 
tionists, biochemists and physiologists, though well aware of this, have 
sometimes shied away from its implications on the ground that such 
feeling states are subjective, vague or downright unscientific. | couldn’t 
agree with them more that the study and understanding of sensations 
and perceptions is still fuzzy and as yet unprecise. Nevertheless, we can- 
not afford to be like the intoxicated man who was hunting for his door 
key under a street light when a passer-by got down on his knees to 
help him. “But,” 
pointing to a darkened doorway. “Why in the world, then, are you 


the inebriant protested, “I lost my key over there,” 


searching here?” asked the good Samaritan. “Because,” came the reply, 
“this is where the light is.” Scientifically dim as the field of perceptions 
may be, we may yet find some keys to the problem of obesity, if 
investigators interested in perception, emotions and motivations will 
turn their attention to this problem, Until the recent past, psychiatric 
observations of obesity have been largely random and single case reports. 
A noteworthy exception has been Dr. Hilde Bruch of this city, whose 
systematic studies of obesity in children*’® have already shed consider- 
able light on certain psychological factors. Another persistent searcher 
and researcher is Dr. Albert Stunkard''” of the Cornell University 
Medical College. Such investigators and other newer recruits in the 
field, like myself, are constantly striving to perfect better and more 
precise tools of inquiry. 

A third reason for psychiatric participation relates to species differ- 
ences in the obesity syndrome, [ am convinced that to adequately 
understand obesity in man, we must study man. Laboratory observa- 
tions on the mouse, the rat, the cat, dog and monkey have produced 
valuable metabolic and biochemical information which may indeed 
be applicable to man. With respect to species differences in perceptions 
and emotions, however, the human animal is unique. This is so, at 
least in part, because of man’s unique cerebral cortical development. 
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This evolutionary structure allows for a psychic elaboration and dis- 
tortion of sensations, including hunger and appetite, which requires 
psychiatric collaboration in research on human obesity. 

Now that I have attempted to justify my presence, I wish first to 
tackle the topic of hunger and appetite. | want to emphasize the dis- 
tinction between hunger and appetite. On this subject, | commend to 
you the thoughtful 1949 article by Janowitz and Grossman.’* My views 
are in considerable accord with theirs and that is, of course, the reason 
why I like their article! With them, I regard hunger as resulting from 
disturbed biochemical, physiologic and nutritional equilibria within the 
body. When these internal disturbances reach a certain threshold, the 
individual perceives his hunger as an uncomfortable, even painful, set 
of feelings which leads him to replenish nutrients by eating. This be- 
havior is nutritionally appropriate and therefore rational to all of us. 
We could say the purpose of such eating is to restore disturbed nutri- 
tional homeostasis. Nutritional homeostasis is maintained by multiple 
regulations at the cellular, hormonal, humoral and organ level. Such 
multiple factors of nutritional regulation seem to be analogous to those 
outlined for the regulation of body water by Dr. Edward Adolph of 
the University of Rochester School of Medicine.’* ** Light is gradually 
being shed on the specific regulatory mechanisms involved in nutritional 
homeostasis by such contributions as Dr. Mayer’s on the arteriovenous 
blood glucose ratio in hunger and satiety'’ and by Dr. Brobeck on the 
regulatory functions of the ventro-medial and the lateral nuclei of the 
hypothalamus.*° When such regulatory devices are disturbed, the indi- 
vidual perceives his hunger as both a psychic signal of this disturbed 
homeostasis and a nutritional drive to eat. This then is the adaptive 
cycle of hunger, eating and satiety. The perception of hunger, as empha- 
sized by Janowitz and Grossman,” is an unlearned, unconditioned 
response to disturbed nutritional homeostasis. The simple proof for this 
is that the human newborn when hungry becomes restless, cries (as a 
signal) and after adequate feeding, relaxes and falls asleep. This is an 
unlearned model of adult eating as part of a readaptive nutritional cycle. 

How does appetite differ? Appetite is a psychological desire to eat. 
It refers to a pleasurable anticipation; specifically, the relief through 
eating from the uncomfortable and painful feelings of hunger. Appetite 
is a learned experience. Appetite is first conditioned by the repetitive 
cycle of feeding experiences following hunger in infancy. This is the 


November 1957, Vol. 33, No. 11 


= 
ie 


774 W. W. HAMBURGER 


earliest learning of appetite and I call it conditioning because it has 
some of the characteristics of reflex stimulus-response before the mental 
apparatus or mind is fully developed. I would imagine that the appetite 
of an infant conditioned on a strict four hour schedule would be of a 
different order than the appetite of an infant fed on self-demand. With 
the maturation of the mental apparatus, appetite involves the memory 
of satiety and the anticipation of future gratification from eating. The 
neonate who continues to cry until fed will, at 6 or 8 months, stop 
crying, if he hears his mother’s step upon the stair or sees his formula 
being prepared. His budding psyche has learned to anticipate, and then 
to wait, for the pleasure of eating. This gratification is no longer purely 
nutritional satiety. It now involves the pleasurable anticipation of emo- 
tional gratification. This repetitive cycle of nutritional and emotional 
gratification becomes further associated with the person giving the 
food, usually the mother, This intimate association of being fed and 
being loved by the mother is of major significance in the developmental 
history of appetite. It is, incidentally, also of major importance in the 
child’s learning to love another human being. 

That appetite can be conditioned in childhood by feelings toward 


other people is given physiological support by recent experiments of 
Engel, Reichsman and Segal in “A Study of an Infant with a Gastric 
Fistula.”** These authors found that the rate of total hydrochloric acid 
secretion in a 15-20 months old girl increased when she was relating 
to a loved person. When she withdrew from a stranger, the rate of 
total hydrochloric acid secretion fell. In other words, at this level of 
development, the baby’s stomach was responding to a loved person in 


a similar physiologic way as to food. 

In later childhood appetite takes on further emotional meanings as 
the association widens to include feelings toward home and other family 
members. Restaurant owners and food advertisers count on these 
ubiquitous associations to appetite when they advertise “Pies like mother 
used to make” or “Home Cooking.” As learning proceeds, appetite takes 
on social meanings with friends and relatives outside the family. Cer- 
tainly in adult life, eating together is connected with feelings of friend- 
ship, good fellowship and well being. Even extrafamilial economic and 
cultural factors can become involved with the child’s appetite. Food 
to a family of marginal economic existence may become invested with 
feelings of security and community status. Similarly, religious beliefs 
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of the family and community which involve food, like the separation 
of meat and dairy products in the Orthodox Jewish household, may 
leave an indelible imprint on the development of appetite. 

The child’s appetite may also become invested with feelings stem- 
ming from conflict with his parents. Why do we joke about how many 
people dislike spinach? Is it because spinach doesn’t taste good or did 
certain parents force their kids to eat it whether they were hungry or 
not? I know all of you have seen an angry child refuse to eat as a 
defiance of his parents. Some parents punish a child’s misbehavior by 
depriving him of his meal or his dessert. Other parents offer ice cream 
and other prized foods as rewards or bribes for good behavior. Thus 
appetite that started out in response to the purely physiological experi- 
ence of hunger, becomes invested with such diverse emotions as love 
and approval, defiance and the fear of punishment. By the time of 
adulthood, many of these emotional associations to appetite have been 
repressed into unconscious reservoirs of the mind. 

In summary, adult appetite, in contrast to hunger, is a learned psy- 
chological experience. Appetite is intimately involved with a variety of 
emotions which stem primarily from early childhood experiences. It is 
folklore knowledge that strong emotions affect our appetite. Love, grief, 
excitement, disgust or fear may cause marked changes in appetite 
through such associations. Morbid emotional states, such as depressions, 
invariably produce a disturbance in appetite. This intimate association 
of appetite with emotions gives a rational explanation for a second 
psychiatric hypothesis, namely, some of the hyperphagia in human 
obesity is serving emotional needs (rather than nutritional). The indi- 
vidual patient may or may not be aware of this relation between his 
appetite and his emotions. 

I would now like to turn to some of the clinical observations from 
which these psychiatric hypotheses are derived. A few years ago, with 
the help of some of my colleagues, I had the opportunity to study 18 
obese men and women who were referred to psychiatry for therapeutic 
help.** Some were referred because they had failed to lose weight in the 
hands of the internist, endocrinologist and dietitian. This is the “end 
of the line” referral. Others were referred because of known emotional 
problems and were only incidentally obese. Therefore this was a 
selected group of obese patients. All had been studied from the physical 
standpoint and no organic pathology found pertinent to their obesity. 
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The focus was initially on therapy and only of investigative interest 
after I went back to gather up the psychologic data. The investigative 
instrument was the psychiatric interview, ranging from 1 to 398 periods. 
I can tell you at once that our therapeutic results, as far as weight 
loss, was far less rewarding than what we learned about these patients’ 
hyperphagia. 

I delineated four types of hyperphagia from this selected group of 
patients: 

Group 1. Overeating as a response to non-specific emotional ten- 
sions. Ten patients stated they ate more than usual when tense or 
upset. They said when nervous, anxious, lonely, boréd or blue a snack 
would in some way make them feel better—even, at times, when they 
had recently eaten a full meal. Some of these patients ate the most at 
night, as recently emphasized by Stunkard, Grace and Wolff as part of 
“the night eating syndrome.”"* The most frequently expressed emotional 
stimulus to eating was feeling blue, discouraged or depressed. I will 
return to this point shortly. Some patients promptly volunteered their 
observation of eating when emotionally upset. Others initially made no 
such connection but later in psychotherapy differentiated between eat- 
ing when hungry and eating when upset. 

Group 2. If a person can respond to a transient stimulus of grief, 
love, frustration or anger with eating, is it not logical that he might 
chronically overeat if the emotional stimulus continues over a long 
period of time? Such chronic overeating was indeed detectable in a 
second group of seven patients delineated as overeating as a substitute 
gratification in intolerable life situations, Let me give you an example 
from this second group: 

Mr. W. H., a 45 year old business man had been overweight since 
childhood, as had his parents, suggesting a genic or constitutional factor 
in the development of his obesity. His usual weight was 190 Ibs. Six 
years previously he had lost a steady job and had been in numerous 
businesses since, with financial worries and feelings of failure. During 
this period he gained weight up to 243 lbs. He had lost confidence in 
himself and his abilities. He was aware of daytime snacks and night 
raids on the ice box, even when he wasn’t truly hungry. This kind of 
observation suggests that continuing emotional upsets, in this case worry, 
frustration and discouragement, may lead to hyperphagia and then 
weight gain, in a person predisposed genically or metabolically to 
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obesity. This involves a multifactorial interpretation of this man’s 
obesity and is to be distinguished from any single cause approach, like 
psychogenesis. 

Group 3. Overeating as a symptom of an underlying emotional 
illness. Eight patients fell in this group. Their overeating is more dis- 
tinctly a symptom, apparently helping to prevent the outbreak of an 
underlying emotional illness, The underlying illnesses were mostly 
emotional depressions of varying proportions and several forms of 
hysteria, The following case happens to illustrate both of these under- 
lying illnesses at different times in one patient’s life. 

Mrs. P. S. was a 38 year old married woman whose weight fluctu- 
ated up to 163 lbs. She was thin in childhood and weighed gs Ibs. at the 
time of her marriage. This woman revealed in psychiatric interviews, 
major emotional ties to both parents. She had been poorly prepared for 
adult feminine functions including marriage. She had not known about 
menstruation until her first period came, which upset her emotionally. 
She had little sex information and very few dates before marrying at 
age 19. She reluctantly accepted intercourse with her husband during 
the first three years of marriage, during which period her weight in- 
creased from 95 to 110 lbs, From that point on she was periodically 
frigid and many times refused to let her husband physically touch her. 
She gradually gained weight up to 150 Ibs. She was able to lose weight 
by diet and amphetamine but at lower weights she was irritable, nervous, 
smoked excessively and feared becoming habituated to Dexedrine. At 
lower weights she was so nervous that she sometimes was afraid to 
stay alone in her house. This patient spontaneously observed that at 
lower weights she was more active physically and these were the 
periods when she would allow intercourse, At higher weights she felt 
phlegmatic, easily fatigued but less nervous. During these peaks of 
weight she would refuse intercourse. Psychiatrically speaking, this 
woman has an hysterical personality. I believe that periodically she 
handles her latent anxieties and prevents an outburst of full blown 
phobias by overeating. At higher weights she refuses intercourse which 
is emotionally upsetting to her. 

Following the death of her beloved mother, this patient stated that 
she “cried for months” and was in bed a good part of this period. At 
one despondent point she turned on the oven gas with a suicidal intent. 


Frightened by this, she determined to use more will power and “pull 
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herself together” for the sake of her family. During this period she 
again overate to a peak of 163 lbs. when she no longer felt so despon- 
dent. This episode represents a reactive depression handled in part by 
her habitual hyperphagic response, 

Here then is a woman with fluctuating weight from 110 to 163 
pounds, She is as much predisposed to anxiety-hysteria and to depres- 
sion as she is to obesity. I regard her periodic hyperphagia as a symptom 
of a threatened outbreak of clinical hysterical or depressive illness. 
I am aware that this is my interpretation of the data as cause and effect. 
This is so because I look at what I look through psychiatric eyes. When 
more precise criteria can be established, it remains to be seen whether 
such inferences are justified. 

Group 4. Overeating as an addiction to food. The hyperphagia 
of eight patients was so classified. This is an intense kind of craving 
for food which is insatiable. The hyperphagia is uncontrollable and 
constitutes a true compulsive symptom, It often exists from early child- 
hood, It appeared to me to be less related to external life events or to 
transient emotions. The analogy to alcohol and other addictions is ap- 
propriate both in terms of the behavior and the personality structure 
of these patients. Actually two of these eight patients had been previ- 
ously addicted to alcohol, but now crave food instead of drink. Such 
patients may hoard or carry food. Some steal food or the money with 
which to buy it. One 17 year old girl had physical fights with her 
parents when they refused to give her money to go on eating sprees. 
She spontaneously compared her eating jags at drug stores, diners and 
restaurants with an alcoholic “making his rounds”. 

You have undoubtedly noted that my groupings total more than 
the original 18 patients. This is so because the categories are artificial, 
the criteria for classification as yet tentative and therefore the groups 
do indeed overlap. My thought in trying to delineate such groups is 
that within the single parameter of psychologic factors, there seem to 
be multiple meanings relating to hyperphagia. If we can separate out 
the more benign psychologic factors from the more malignant, the more 
transient from the more chronic, the more conscious from the less con- 
scious, we should have a more rational basis for therapy. It may help 
us to understand which groups of patients should be managed by the 
general physician, internist or dietitian and which ones should be re- 
ferred to the psychiatrist. 
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Because all these 18 patients were psychiatric referrals, | am cur- 
rently interviewing unreferred and randomly selected patients from 
our Medical Clinic at the Strong Memorial Hospital. I want to study 
the emotional factors involved in the hyperphagia of such unselected 
obese patients. I wish to establish more objective criteria for the classi- 
fication of different psychological groups. From more accurate classifi- 
cation, predictions as to success in weight reduction should be feasible. 
I also believe that new investigative methods other than the psychiatric 
interview are needed. 

I have therefore devised, with Dr. Vivian Harway of our Psychol- 
ogy Staff, a Food and Eating Sentence Completion Test for the com- 
parison of obese with non-obese populations. How effective such an 
instrument will be in diagnosis and prediction remains to be studied. 

Another approach which may interest you is the study of dreams 
of food and eating which have been reported by my patients in formal 
psychoanalytic therapy. A preliminary survey indicates that non-obese 
patients, as well as obese ones, frequently dream of food and eating. 
Their associations invariably lead into non-nutritional areas: their wish 
for love, succorance, approval or reward, their fear of sex and other 
topics. A completed study of 229 such dreams** adds support to the 
hypothesis that food and eating have many other symbolic meanings 
than nutritional. The most frequent meaning of the food and eating 
dream is the need for love and emotional support and a conflict around 
sexual desires. The patients are initially not aware of these meanings and 
they become revealed only after painstaking association to the dream 
symbols. The use of such dreams in psychoanalysis constitutes another 
methodologic approach to the manifold meanings of human appetites. 
In this regard we should not overlook the intuitive truths revealed in 
our language. The primary definition of appetite in Webster’s diction- 
ary** does not refer to food, hunger or nutrition at all. The first defini- 
tion reads: “Appetite: An inherent or habitual desire or propensity 
for some personal gratification, either of body or mind; a craving.” 

I wish to conclude with a few random remarks on weight reduc- 
tion. | know the practicing physicians and nutritionists in this audience 
are confronted daily with the practical management of the obese patient, 
so despite limitations of validated data, I offer the following psychiatric 
suggestions: 


1. It may be rewarding in “working-up” the obese patient to give 
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some attention to emotional factors at the same time the physician is 
studying his patient’s basal metabolism, glucose tolerance, thyroid and 
hypothalamic functions. In the course of history taking, can the physi- 
cian detect fluctuations in appetite and/or body weight in relation to 
critical life experiences? Is the patient aware of eating when not hungry 
or in relation to strong emotions? Is the patient aware of conscious 
environmental pressures with which the physician can help him? Is 
there evidence of emotional illness, especially hysterical syndromes or 
depression, or unusual cravings for which the patient could be helped 
to consult a psychiatrist? 

2. It would seem psychologically conservative to me, not to allow 
any patient to lose weight rapidly by any therapeutic regimen. Many 
patients become irritable, anxious or depressed at lower weights and 
a gradual readjustment of emotional as well as metabolic forces might 
keep this from excess. For an elaboration of this point, I refer you to 
the article of Hilde Bruch on the “Psychological Aspects of Reduc- 
ing.” 

3. The relationship of the physician and the dietitian to his patient 
is an exceedingly potent instrument for the effecting of weight loss. 
Consistent interest and encouragement can be far more efficacious than 
impersonal passing out of diet instructions without periodic return visits. 

4. Serious pressure or punitive attitudes toward obesity 1s contra- 
indicated. To be sure this is well meant with a professional eye on 
actuarial tables.*° At the least, such an attitude is ineffective. And if it 
should be effective, without concomitant resolution of underlying emo- 
tional problems, major emotional upsets can result. | suspect some of 
the patients addicted to food should not lose weight at all. Despite a 


decreased life expectancy, obesity relating to addiction to food may 
be a healthier adaptation than addiction to alcohol or other drugs, or 
to serious depression. 


In summary, tonight | have suggested certain psychological hypo- 
theses relating to the hyperphagia of obese patients. Some of the hyper- 
phagia appears to me to be entirely for non-nutritional purposes, Some 
eating seems to relate to underlying emotional needs of which the 
patient may or may not be aware. This type of hyperphagia becomes 
understandable as a psychic distortion of appetite in man. This is simply 
another type of regulatory abnormality which can contribute to the 
development of the obesity syndrome. As Dr. Mayer summarized for 
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us last year in Nutrition Abstracts and Reviews,” it is now evident 
that there are multiple factors in the regulation and maintenance of 
body weight. Disturbances may occur at any level, of which psychic 
distortions in appetite are one. I suspect each obese person differs in 
the degree of disturbance in his genic, metabolic, hormonal, humoral, 
hypothalamic or cortical sphere. We will adequately understand and 
treat the individual obese patient only when we give thorough atten- 
tion to all of these factors, including the psychologic. 
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THE LOUIS LIVINGSTON SEAMAN FUND 


The New York Academy of Medicine announces the availability 
of the Louis Livingston Seaman Fund for the furtherance of research 


in bacteriology and sanitary science. Nineteen hundred dollars is avail- 
able for assignment in 1958. This Fund was made possible by the terms 
of the will of the late Dr. Louis Livingston Seaman, and is administered 
by a Committee of the Academy under the following conditions and 
regulations: 


1. The Fund will be expended only in grants-in-aid for investiga- 
tion or scholarships for research in bacteriology or sanitary science. 
Expenditures may be made for: 


a. Securing of technical help 
b. Aid in publishing original work 
c. Purchase of necessary books or apparatus 


2. The Committee will receive applications either from institutions 
or individuals up to March 1, 1958. Communications should be ad- 
dressed to Dr. Wilson G. Smillie, Chairman of the Louis Livingston 
Seaman Fund, 105 East 22 Street, New York 10, New York. 
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TEN YEAR RESULTS OF [-131 
THERAPY OF HYPERTHYROIDISM * 


Sipney C. Werner, Bento H. QuimBy 


HADIOIODINE, I-131, eight day half-life, made in the atomic 

4] pile at Oak Ridge was released for general use by the 
R > U. S. Atomic Energy Commission, July 1946. It was 

] employed almost immediately in the treatment of hyper- 
ss thyroidism, following the lead gained from the few 
patients treated earlier with this agent by Soley working with Hamilton 
and Lawrence,' and the small series of patients given I-131, 12 hr, half- 
life isotope, by Hertz and Roberts’ and by Chapman and Evans.* The 
present report summarizes our ten year experience with I-131 given 
for this purpose. 


During these past ten years, the results of various groups have 
been presented after varying intervals of experience. Also, a serious 
effort has been made to define the relative roles of radioiodine, surgery, 


and chronic antithyroid drugs in the treatment of toxic goiter.* Never- 
theless, as pointed out in a recent editorial,® there is need for the pre- 
sentation of results with I-131 on a wide scale, to permit both the 
advantages and the drawbacks of the method to be defined and to 
be compared with those of the other modalities of treatment. 

The present report is based on the results in a series of 525 hyper- 
thyroid patients treated and followed by the senior author at the 
Presbyterian Hospital in New York between October 1946 and July 
1955, and observed through June 1956. Throughout the study, the 
physical aspects pertaining to I-131 therapy were supervised by Dr. 
Quimby. At the follow-up visits, the eyes were examined routinely; 
the majority by Dr. Day, the rest by Drs. J. Kennedy and R. Nichols 
who collaborated in the initial phases of the study. 

The results presented herein confirm the already established fact 


* From the Departments of Medicine, Radiology and Ophthalmology, Columbia University College 
of Physicians and Surgeons, and the Presbyterian Hospital in the City of New York. 
Most of the study was aided by Grants A-8 (C1-7 inc.), Division of Arthritis and Metabolism, 
National Institutes of Health. The earlier part of the work was aided in part by grants from the 
Atomic Energy Commission, Lilla Babbit Hyde Foundation, and A.M.A. Council on Pharmacy 
and Chemistry. 
Presented in large part at A.E.C. sponsored conference, Ten Years of 1-131 Therapy, University 
of Chicago and Argonne Hospital, November 1956. 


* Dr. Coelho’s present address—Hospital dos Servidores del Estado, Rio de Janeiro, Brazil. 
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that I-131 is a highly efficacious agent for the medical treatment of 
hyperthyroidism, Unfortunately, however, the adverse features of the 
use of the method still remain a source of trouble. 


All patients initially were subjected to a complete medical work- 
up. Only patients with well-documented hyperthyroidism were treated 
with radioiodine, and these were selected for therapy with this modality 
essentially according to principles outlined elsewhere.* Patients younger 
than 4o years of age were not treated with I-131 except when there 
was recurrence of toxicity following surgery or when other methods 
were contraindicated. 

During the first two years of the study, a standard dose of 3 or 
4 me. I-131 was given to all patients. Only two doses were provided 
to any one patient, and the second dose was not administered until 
four months or more after the first. In subsequent years, a dose range 
of I-131 was established, between 1 and 8 mc. for each of the first two 
doses but up to 25 mc. when a third dose or more was necessary." 
Doses were repeated at two month intervals, provided toxicity remained 
severe and I-131 uptake elevated. Otherwise, the patients were ob- 
served for four months or longer according to earlier practice. Accord- 
ing to this schedule, the smaller dose levels were employed for patients 
with small glands and low toxicity, the larger ones for big glands and 
high toxicity. Maximal doses were given only when biological resistance 
to radiation effect was evident from failure of the preceding doses. 
Withal, the average initial dose throughout the study for the great 
majority of patients was approximately 6 mc. 

Subsequent to 1950, antithyroid drugs were given routinely in con- 
junction with I-131.*° As a rule, drug therapy was begun two to 
seven days after I-131 administration, and was continued for five to 
six weeks, in an effort to control toxicity during the latent period until 
I-131 effect becomes evident. In the past two years, thyroid by mouth 
has been added to the regimen. The latter drug has been given in an 
effort to prevent the rate and extent of reduction in level of thyroid 
hormone thought to provoke onset of, or exacerbation of, complicating 
severe infiltrative ophthalmopathy. 

Changes were made in the standardization of the millicurie of I-131 
several times during the ten years of the study, The present “standard” 
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millicurie of the Bureau of Standards is 80 per cent of the “New York” 
millicurie in use until January, 1955, i.e., the patients received 1.2 
present “standard” me. per tabulated me. prior to January, 1955. All 
doses were given orally; the usual precautions for the safety of patient 
and personnel necessary for the use of these large quantities of I-131 
were observed. Twenty-four hour uptake readings were made routinely 
for the first five years of the study but are done now only when a 
preliminary uptake determination with a test dose has not already been 
made, Effective half-life of the isotope within the gland was estimated 
routinely from weekly measurements over the neck but this practice 
was also discontinued five years ago. Calculations of the radiation dose 
provided to the gland were also made routinely from this value, from 
the dose of I-131, from estimated gland size and from the I-131 uptake. 
However, since the radiation dose to the thyroid was not found to 
correlate satisfactorily with the therapeutic result, this calculation was 
not attempted further. 

Once remission had been achieved and sustained for a year, the 
patients were seen annually in follow-up. At these visits, a clinical 
appraisal of their general and thyroid status was made, In the laboratory, 
B.M.R. and fasting cholesterol determinations were performed rou- 
tinely; in case of doubt, the 24 hour I-131 uptake and serum precipitable 
iodine (SPI) level chemically were also measured. The SPI test has 
now replaced the former two tests as the routine. The eyes were 
examined by the ophthalmologist from the beginning of the study, and 
were measured with the Hertel exophthalmometer, 

When hypothyroidism resulted from I-131 therapy, the patients 
were treated with thyroid for six months or more. Therapy was then 
discontinued in order to exclude the possibility that the hypothyroidism 
might have been only transient. In some instances, treatment was re- 
sumed and discontinued several times in this effort to establish the cor- 
rect diagnosis. 


ResuLts oF TREATMENT 


As stated, there are 525 patients in the present series. Of these, 282 
(54 per cent) had toxic diffuse goiter prior to treatment, 151 (29 per 
cent) toxic recurrent goiter, and 92 (17 per cent) toxic nodular goiter 
(Table 1). The last diagnosis was made when one or more definite 
and discrete nodules were palpated within the gland and after every 
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Taste I—TEN YEAR EXPERIENCE WITH 1-131 TREATMENT 
OF HYPERTHYROIDISM 


Oct. 1, 1946—May 31, 1956 


Sex and age distribution and type of goiter before treatment—525 patients 
Sex and Age 


Male Female 


Under 40 40 & Over Under 40 40 & Over 
Type of Goiter (No. Patients) 


Toxic diffuse j 37 (54%) 
Toxic recurrent (29%) 
Toxie nodular .. 1 j y § (17%) 


Total 525 (100%) 


Summary 
Age 
Under 40 
40 & over 
Sex 
Men 
Women 


Taste If1.-NO. OF DOSES OF 1-131 IN PATIENTS ENTERING REMISSION— 
447 OF 525 PATIENTS 


Type of Goiter 
Toxic 
No. of Diffuse Recurrent Nodular 
Doses (No. Patients) Patients 


78 246 (55%) 
130 (30%) 

55 (12%) 

(2%) 

(1%) 


Total 24: (100% ) 
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392 
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3 33 
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Taste DOSAGE OF 1-131 IN PATIENTS ENTERING REMISSION—- 
447 OF 525 PATIENTS 


Type of Goiter 


Toxic 
Dosage Diffuse Recurrent Nodular Total 

me. (No. Patients) Patients 
0-3 53 29 7 89 (20%) 
1-6 60 36 190 (439%) 
7-9 38 21 9 68 (15%) 
10-14 42 6 1 59 (13%) 
15 - 25 6 6 15 27 © (6%) 
Over 25 9 0 5 14 (3%) 
Total 242 12 83 447 (100%) 


Summary 


0-6 147 (61%) 89 (73%) 43 (52%) 
7-14 80 (33%) 27 (22%) 20 (24%) 
15 - 15 (6%) 6 (5%) 20 (24%) 


Total 242 (100%) 122 (100%) 83 (100%) 


effort had been made to differentiate nodularity from exaggerations of 
the normal lobulations of the gland resulting from hypertrophy. 

There were 118 men and 407 women in the series with the age 
distribution shown in the table. 

Eighty-five per cent of the patients treated were rendered euthyroid 
or hypothyroid by the first dose of I-131. The remaining 15 per cent 
required more than two doses (Tables II and VII). The majority of 
patients responded to less than 10 me. total dosage, only 21 per cent 
requiring more than this (Tables III and VIII). The average total dosage 
was 6 mc., excluding the 19 highly resistant patients requiring more 
than 25 me. to gain remission, 

Of the 525 patients in the series, 341 were treated five years to ten 
years prior to the present review. One hundred fifteen of the 341 were 
still coming to the follow-up clinic. One patient of the series is known 
to have died, from metastases of a malignant melanoma noted one and 
one half years after I-131 therapy. 


Incidence of Induced Euthyroidism: In Tables II and III are listed 
the number of doses, and total dosage, of I-131 required to restore 


November 1957, Vol. 33, No. 11 


\ 

a 
ti 
<A 
ip 
aS 
te 
| 


788 S. C. WERNER AND OTHERS 


Taste I1V.—GLAND SIZE* BEFORE I-131 THERAPY AND NUMBER OF DOSES 
REQUIRED TO INDUCE EUTHYROIDISM—447 OF 525 PATIENTS 


No. Doses 
Over 
Type of Estimated 1 2-3 3 
Goiter Gland Size (No. Patients) 


Toxic diffuse Small 59 
Moderate 
Large 17 
Total 124 106 


Toxic recurrent Small 53 
Moderate 
Large 
Total 
Toxic nodular Small 
Moderate 
Large 
Total 


* Small—under 35 Gm. estimated weight; moderate—35-60 Gm.; large—over 60 Gm. 


Taste V—GLAND SIZE* BEFORE 1-131 THERAPY AND TOTAL DOSAGE 
REQUIRED TO INDUCE EUTHYROIDISM—47 OF 525 PATIENTS 


Total Dosage 


Type of Estimated 4-9 10-25 
( 


Goiter Gland Size No. Patients) 


Toxic diffuse Small 
Moderate 
Large 
Total 


Toxic recurrent Small 
Moderate 
Large 
Total 


Toxic nodular Small 
Moderate 
Large 
Total 


* Small—under 35 Gm. estimated weight; moderate—35-60 Gm.; large—over 60 Gm. 
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1 
‘ 4 
6 
11 
21 1 
16 2 
4 0 
41 3 
6 0 
15 0 
16 2 
37 2 
Over 
34 0 12 0 
17 59 23 1 
2 23 13 0 
53 122 48 1 
27 45 3 0 
2 31 0 
0 5 1 0 
29 81 12 0 
6 13 1 1 
1 22 10 0 
0 10 15 4 
; 7 45 26 5 
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Taste VI.—-INCIDENCE OF PERMANENT HYPOTHYROIDISM— 
78 OF 525 PATIENTS 


Years after 
1-131 Therapy Patients 


8- 
9-10 


Summary 
Within Ist year 40 (7.6% of 525 patients) 


After Ist year 38 (7.2% of 525 patients) 
Total 78 (14.8% of 525 patients) 


euthyroidism. This status was achieved in 447 of the 525 patients. One 
dose was sufficient in 246 (55 per cent) of the 447, whereas 16 patients 
(3 per cent) required more than three doses. Total dosage was less than 
10 mc. iN 347 patients (78 per cent) but exceeded*25 me. in 14 (3 
per cent). 

Gland size prior to I-131 therapy has been correlated with number 
of doses of I-131, and total dosage, in Tables 1V and V. It is clear that 
the correlations are, at best, rough. 


Incidence of Induced Hypothyroidism: Transient hypothyroidism 
was observed in 11 patients, These patients recovered without need for 
sustained substitution therapy. A diagnosis of permanent hypothyroid- 
ism following I-131 therapy was made in 78, 14.8 per cent of the 525 
patients in the series (Table V1). Hypothyroidism became evident 
within the first year after I-131 therapy in 4o patients, 7.6 per cent of 
the total series treated (Table V1). However, this incidence rose prog- 
ressively as the patients were followed subsequent to treatment. Thus, 
an additional 38 patients (7.2 per cent) became permanently hypothy- 
roid during the ten years after treatment. There was a peak between 
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Taste VII—NO. OF DOSES OF I-131 IN PATIENTS BECOMING 
HY POTHYROID—78 OF 525 PATIENTS 


Type of Goiter 


Toxic 
No. of Diffuse Recurrent Nodular 
Doses (No. Patients) 


22 
5 


Taste VIIIL—TOTAL DOSAGE OF 1-131 IN PATIENTS BECOMING 
HY POTHY ROID—78 OF 525 PATIENTS 


Type of Goiter 
Toxic 
Dosage Diffuse Recurrent Nodular 
me. (No. Patients) 


0- 3 5 
1 6 17 
7-9 
10-14 
15-25 
Over 25 
Total 


two and four years after therapy; one patient became hypothyroid 
as late as the tenth year of follow-up. Thus, a total of 14.8 per cent 
of all patients treated were found to be hypothyroid over the ten year 
follow-up period, in contrast to the incidence of 7.6 per cent in the first 
year after therapy. 

Whereas all but two of the 40 patients with onset of hypothyroidism 
in the first year after I-131 therapy had had toxic diffuse or recurrent 
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Tarte IX.—GLAND SIZE BEFORE 1-131 THERAPY AND NUMBER OF DOSES 
EMPLOYED IN PATIENTS BECOMING HYPOTHYROID—78 OF 525 PATIENTS 


No. Doses 
Over 
Type of Estimated 1 2~ 8 
Goiter Gland Size (No. Patients) 


Toxic diffuse Small 
Moderate 
Large 
Total 


Toxic recurrent Small 
Moderate 
Large 
Total 


bo 


Toxic nodular Small 
Moderate 
Large 
Total 


* Small—under 35 Gm. estimated weight; moderate—35-60 Gm.; large—over 60 Gm. 


goiter before treatment was given, seven of the 38 patients developing 
hypothyroidism later had had toxic nodular goiter initially. 


Number of Doses and Total Dosage of I-131: A single dose of I-131 
was given to 55 of the 78 patients becoming hypothyroid (Table VII). 
Total dosage amounted to 6 mc. or less; in fact, 16 of the 55 patients 
became hypothyroid after 1 to 3 me. (Table VIII). In contrast, five 
patients received more than three doses and five patients received more 
than 25 me. before becoming hypothyroid. 


Initial Gland Size: An analysis of gland size prior to treatment was 
made in relation to number of doses and total dosage of I-131, as was 
done for the patients becoming euthyroid. Tables IX and X show the 
distributions to be similar to that of the euthyroid group. 


Effect of Pregnancy After Therapy: Eighteen patients became preg- 
nant after remission was obtained by I-131 therapy (Table XI). Of 
these seven became hypothyroid, three during, and four subsequent 
to, the pregnancy. The offspring at birth were normal and healthy.* 


* Three patients received 1-131 in the first month of pregnancy when the late mensis was attributed 
to the hyperthyroidism or was not mentioned. The newborn also were considered healthy and 
normal, and remained well subsequently. 
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Taste X.—GLAND SIZE* BEFORE 1-131 THERAPY AND TOTAL DOSAGE 
EMPLOYED IN PATIENTS BECOMING HYPOTHYROID—78 OF 525 PATIENTS 


Total Dosage in me. 


Type of Estimated 4-9 10-25 
Goiter Gland Size (No. Patients) 


Toxic diffuse Small ‘ ll 
Moderate 11 
Large 
Total 


Toxie recurrent Small 
Moderate 
Large 
Total 


Toxic nodular Small 
Moderate 
Large 
Total 


* Small—under 35 Gm. estimated weight; moderate—35-60 Gm.; large—over 60 Gm. 


Incidence of Late Recurrence: Recurrence of hyperthyroidism after 
one year or more of remission was observed only six times (1.1 per 
cent) in the series, none later than four years after treatment (Table 
XI). Remission was readily induced by retreatment with I-131. 


Ophthalmopathy: Eye changes were classified into two clinical 
groups as described elsewhere.* The term “non-infiltrative” represents 
those eyes showing proptosis or widening of the fissures without other 
ocular manifestations, and the term “infiltrative” represents those eyes 
showing clinical manifestations suggestive of edematous and cellular 
infiltration of the ocular structures, such as chemosis, corneal ulceration, 
lacrimal gland swelling, or ocular muscle weakness, The purpose in 
classifying the eye changes is discussed later in this paper. 

The course of the eye complications was described as “improved”, 
“static”, or “worse”. By the last is meant progressive ocular involve- 
ment leading either to permanent impairment of the motion of the 
globes (usually with one or both eyes turned down and in) or of 
vision, or to the need for orbital decompression surgically, No patient in 
this series however required decompression. If there was transient and 
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0 3 
5 10 0 0 
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0 2 0 1 
5 20 3 1 
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0 7 1 0 
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Taste XI.—RECURRENCE OF HYPERTHYROIDISM 1 YEAR OR MORE 
AFTER REMISSION—525 PATIENTS 


Year of Recurrence after Therapy 


Over 
Type of Goiter 2 3 4 4 Total 
(No. Patients) (No. Patients) 


Toxic diffuse 
Toxie recurrent 
Toxic nodular 
Total 6 (1.1%) 


Taste XIT—EFFECT ON THYROID STATUS OF PREGNANCY COMMENCING 
AFTER REMISSION INDUCED BY 1-131 THERAPY—18 OF 525 PATIENTS 


Total becoming pregnant 
Total becoming hypothyroid with pregnancy 
During 
Following 
Initial Goiter 
Toxic diffuse 
Toxic recurrent 


Taste XIIL—INCIDENCE OF OPHTHALMOPATHY—525 PATIENTS 


Type of Ophthalmopathy 
Type of Total Non-infil- Infiltrat- Total and 
Goiter Patients trative ive % of Group 


‘Toxic diffuse 282 49 ‘ (34%) 
Toxic recurrent 151 36 § 55 (36%) 
Toxic nodular 92 7 (12%) 
Total 525 92 3 (31%) 


Summary 

Non-infiltrative (18%) 
Infiltrative (13%) 
Both Types (31%) 


Total patients in series 525 (100%) 
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Taste XIV.—INCIDENCE OF OPHTHALMOPATHY AND SEX DISTRIBUTION 
—525 PATIENTS 


Type of Type of Sex 
Goiter Ophthalmopathy Male Female Total 
Toxic diffuse Non-infiltrative 13 36 49 
Infiltrative 20 28 48 
Toxic recurrent Non-infiltrative 9 27 36 
Infiltrative 2 17 19 
Toxic nodular Non-infiltrative 0 7 7 
Infiltrative 2 2 4 
Total 46 117 163 (31%) 


limited advance in chemosis or proptosis followed by return to the 
original status or better, the patients were not classified as “worse”. 


Non-infiltrative Ophthalmopathy: There were 92 patients classi- 
fied as having non-infiltrative ophthalmopathy before operation (Tables 
XIII-XVI). Of these, 86 either improved or showed no significant 
change except for 1 or 2 mm, advance in proptosis. Six of the 92, 
however, made a transition to the infiltrative form, and one of these 
six ultimately developed severe and permanent muscle function im- 
pairment. Following therapy with I-131, two patients with no evident 
eye changes before the procedure had the onset of non-infiltrative 
ophthalmopathy. Neither patient in this latter group had an initial 
diagnosis of toxic nodular goiter, However, an initial diagnosis of toxic 
nodular goiter was made in seven of the g2 patients with non-infiltrative 


ophthalmopathy. 


Infiltrative Ophthalmopathy: Prior to 1-131 therapy, 71 patients 
were classified as having infiltrative ophthalmopathy (Tables XIII-XV1). 
Many of these were accepted for treatment after having been rejected 
by the surgeons for fear of flare-up of the eye complication. Of these, 
64 either improved or showed no significant change, except possibly 
for 1 or 2 mm. advance in proptosis, Fight patients without previous 
evident eye involvement had onset of infiltrative changes subsequent 
to I-131 administration. 

Of all in the infiltrative group, seven became “worse” and had 
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Taste XV.—TYPE OF OPHTHALMOPATHY AND TIME OF ONSET— 
163 OF 525 PATIENTS 


Time of Onset 
Change after 1-131 
Before 1-131 After 1-131 to Infiltrative 
Type of Hyper. Eu. Hypo. Ophthalmopathy 
Ophthalmopathu (No. Patients) (No. Patients) 


Toxic Diffuse 
Non-infiltrative 1 1 
Infiltrative 2 


Toxic Recurrent 


Non-infiltrative 36 0 0 
Infiltrative 7 1 1 


Toxic Nodular 
Non-infiltrative 
Infiltrative 
Total 


Summary 
Patients with onset after I-131 
Non-infiltrative 2 
Infiltrative 
Non-infiltrative becoming infiltrative after I-131 6 
Total with onset of infiltrative ophthalmopathy after 1-131 14 (2.7% of 525 patients) 


permanent severe ocular muscle damage as a consequence. One of the 
seven also developed optic neuritis with permanent impairment of vision. 
This patient had, in addition to his hyperthyroidism, pernicious anemia 
and diabetes mellitus, although both these were reasonably well- 
controlled at the time of onset of the optic neuritis. Thus, with the 
one patient in the non-infiltrative group who developed infiltrative 
changes and ultimately muscle damage, there were eight patients or 
1.8 per cent of the total series who became “worse” by the definition 
above. 

The records of the patients whose ophthalmopathy commenced 
following I-131 therapy were reviewed to determine the status of the 
thyroid at the time of onset (Table XV). Of the eight patients, four 
were euthyroid, none hypothyroid, and three actively hyperthyroid. 

An initial diagnosis of toxic nodular goiter was made in four patients 
of the group with infiltrative ophthalmopathy. 
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Taste XVI—CLINICAL COURSE OF OPHTHALMOPATHY— 
163 OF 525 PATIENTS 


Non-infiltrative—92 patients 

Improved 2 (2% non-infiltrative group) 
Static 
Charge to infiltrative 6 (6% non-infiltrative group) 

Improved 

Static 

Worse with muscle fibrosis 
Improved or static 91 (93% non-infiltrative group) 


Infiltrative—71 patients 
Improved 6 
Static 58 
Improved or static 64 (90% infiltrative group) 
Worse 7 (10% infiltrative group) 
Muscle fibrosis or weakness 
Optic neuritis and amblyopia 


Summary 
Both types of ophthalmopathy 
Improved 8 (18% 525 patients) 
Static 148 
Worse 8 (1.8% of 525 patients) 


* Also included under “muscle fibrosis” 


Miscellaneous Complications: The occurrence of transient thy- 
roiditis and of tracheitis after I-131 therapy for hyperthyroidism has 
been described in earlier publications.*'” These complications are 
clinically of minor importance and their incidence has not been quanti- 
tated in this paper. Parathyroid injury" and leukemia’? were not ob- 
served,* One patient in the series had chronic leukemia as well as 
hyperthyroidism before I-131 was given. Pericarditis with effusion oc- 
curred twice in the series, both times with onset about three weeks 
after therapy and with no satisfactory etiologic factor elicited. 


Recurrent Nodularity: Two patients with toxic nodular goiter 
treated with I-131 developed readily palpable nodules in the thyroid 
region several years after thyroid tissue had become impalpable. The 
recurrent masses were removed surgically for pathologic examination. 


* Since this series was reported, acute leukemia developed in one patient, 18 months after she 
received a total of 2.1 mc. 1-131. This patient’s record is being reported in detail elsewhere. 
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Multiple microfollicular adenomata were demonstrated in each instance. 
The significance of these findings is discussed later in this paper. 


Localized Myxedema: This rare, cosmetically disturbing complica- 
tion occurred twice in the series. Both patients had had toxic diffuse 
goiter, with onset of the localized myxedema prior to therapy in one, 
subsequently in the other. Neither patient became hypothyroid. Oph- 
thalmopathy of the non-infiltrative type was present in both. 


Thyroid Storm: Flare-up of Toxicity: One instance very suggestive 
of thyroid crisis or storm occurred in one of the patients in this series 
who developed pneumonitis about two weeks after I-131 was admin- 
istered, This patient recovered. One patient treated subsequent to the 
analysis of the series developed “storm” 24 hours after 4 me. I-131, 
with subsequent recovery. 

Flare-up in toxicity occurred in six patients, especially serious in 
three because of exacerbation of cardiac failure. This occurred in the 
first two weeks after the I-131 was administered. 


Hypercholesterinemia: Levels of cholesterol over 300 mg. per cent 
were maintained in 26 of the 447 patients rendered euthyroid by I-131 
therapy. Four of these had been elevated prior to therapy; eight values 
had not been determined before treatment. The remaining 14 had had 
normal values. Ten of the 26 patients had not gained weight following 
remission of hyperthyroidism, Thyroid was ineffective in reducing the 
elevated levels except transiently. 


Radiation Dosage: Calculations of radiation dosage delivered to the 
thyroid revealed a wide spread of values among the patients in the 
series. Hypothyroidism was induced by as little as 2700 rads and re- 
mission barely induced by more than 30,000 rads, although this patient 
later became hypothyroid. 


Discussion 


It is evident from past experience that all patients with hyperthy- 
roidism can be rendered euthyroid or hypothyroid with I-131 therapy. 
However, it is equally clear that only a little more than half the patients 
in the present experience responded to a single dose. In fact, a sizable 
minority were still actively hyperthyroid six months and several doses 
after starting treatment. This unpredictability of outcome has been 


November 1957, Vol. 33, No. 11 


a," 
Re 
- 


798 $. C. WERNER AND OTHERS 


observed by all workers in the field'* and represents one of the limita- 
tions of internal radiation therapy. However, the difficulty is minimized 
by the use of an adjuvant antithyroid drug or iodine therapy. Thus a 
patient can be rendered and maintained euthyroid by these agents, 
except for those brief intervals when drug treatment must be discon- 
tinued to establish whether more I-131 is required, or not. 

Flare-up of toxicity without fatality shortly after I-131 was admin- 
istered occurred several times in our series. One death from thyroid 
storm has been reported in the literature seven days after 4 me. I-131 
was given."* The senior author also has seen a fatal outcome in a 
patient not included in the present series, seven days after 5 me. I-131 
given by another physician. Riggs’® observed that the serum precipitable 
iodine level may increase after I-131. therapy for hyperthyroidism. 
However, Rall'® states that he has been unable to find thyroglobulin in 
the serum following I-131 therapy of hyperthyroidism although such 
material is present five to ten days after the larger doses of I-131 given 
to patients with thyroid carcinoma or to euthyroid patients with heart 
disease. 

It is thus likely that flare-up of toxicity or “storm” occurring within 
the first week after the smaller doses given in hyperthyroidism is not 
related to the therapy, but is an intercurrent event. Nonetheless, patients 
with cardiac complications, with prolonged thyrotoxicosis and severe 
wasting, or with big glands, probably should be given relatively small 
initial doses of I-131, and these should be followed shortly by an anti- 
thyroid drug or iodide administration. On occasion, it may be better to 
give antithyroid drugs prior to [-131 therapy, until the patient’s condi- 
tion is improved. I-131 can then be administered without fear of crisis. 

Attention has already been called to the factor within the thyroid 
of biological variability in sensitivity to radiation affect.® The existence 
of this phenomenon has been amply confirmed in the present experience. 
Hypothyroidism resulted from as little as 2700 rads and lack of remis- 
sion from over 30,000 rads, both extremes in patients with toxic diffuse 
goiter, 

In several patients, there was an unquestionable, although limited, 
initial response to relatively small doses of I-131, followed subsequently 
by little response to considerably larger doses, It is thus suggested that 
the thyroid may have developed resistance to radiation effect. There is 
no method presently available for documenting this hypothesis. One 
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explanation for this phenomenon would involve differences in cell sensi- 
tivity. The » .diosensitive cells in the gland would be killed with the 
early doses. The radio-resistant ones would remain to multiply and 
sustain the hyperthyroidism. 

In some instances of seeming resistance to radiation effect, errors 


in estimation of gland size may account for the poor success from 
a given dose. The gland can be considerably larger than was estimated 
by palpation, due to rotation behind the trachea or to substernal exten- 
sion, Thus failure of treatment would be due to the miscalculation in 
dose of I-131 administered. 

McCullagh and Richards’ have observed that patients with toxic 
nodular goiter are more resistant to I-131 effect than those with toxic 
diffuse or toxic recurrent goiter. This did not hold entirely in our series. 
Thus two doses and g me. induced remission in most patients regardless 
of the initial diagnosis. McCullagh’s patients were in an endemic goiter 
area but Chapman and Maloof in Boston’* had an experience similar 
to McCullagh. One patient has been reported with toxic nodular 
goiter who failed to respond to 100 me. given in a single dose.’ 

Iodine or antithyroid drugs given in conjunction with I-131 therapy 
have been thought to increase resistance to I-131 effect.* In part, the 
effect is only apparent since these drugs block recirculated I-131 from 
entering the gland and slightly shorten the effective half-life of the 
isotope within the gland.” However, these agents may induce changes 
in thyroid cell height and activity, or in vascularity of the gland, or 
both. Such changes could truly increase resistance to radiation effect. 

Thyroid cancer consequent to radiation effect was not observed in 
the present series nor in approximately 13,000 patients of the recently 
pooled experience of a number of clinics.*! It is dubious however that 
this can be taken to mean that such malignancies may not develop. It 
was originally estimated that thyroid cancer after I-131 therapy would 
occur, if it did so, about 20 years after therapy.” However no estimate 
was made of the range about this mean; and the range could as well be 
from 18 to 22 years as from 10 to 30 years, Carcinoma of the thyroid 
has been produced by I-131 in rats,** but this work has not yet been 
confirmed and thyroid cancers have been shown to occur spontaneously 
with relative frequency in the Long-Evans strain used in the original 
study.** 

Persistent bizarre nuclear changes within the thyroid cells have been 
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described in man as late as five years after I-131 therapy.*® Two patients 
of the present series developed multiple adenomata of the thyroid fol- 
lowing I-131 therapy for toxic nodular goiter after all palpable thyroid 
tissue had disappeared for two and one and a half years respectively. 
These nodules persisted and even increased despite large doses of thyroid 
by mouth, The occurrence of adenomata is of interest in view of the 
high association rate of such lesions with thyroid cancer.** However, 
multiple adenomata are seen not infrequently in nodules which have 
recurred after surgery for toxic nodular goiter. Also, one of the two 
patients probably had chronic thyroiditis even prior to the administra- 
tion of I-131, so that it is likely that this disease rather than radiation 
effect was responsible for the changes observed. Similar histological 
findings have been described in persistent nodules of toxic nodular 
goiter not disappearing with I-131 therapy,** or remaining post- 
operatively. 

Since, despite all, the possibility remains that late cancer may yet 
result from treatment with I-131, it appears wise to continue the age 
restriction upon the use of the isotope in primary toxic goiter currently 
in effect in many clinics. According to this practice, patients under 40 


years of age are regularly treated by other means than I-131, although 
there are exceptions.* 

The presence of toxic nodular goiter is held not to contraindicate 
I-131 therapy in patients over 40. The spontaneous incidence of asso- 
ciated cancer is not much greater than in toxic diffuse goiter,** unlike 
the high rate of association in nontoxic nodular goiter.” * Thus it 
is believed that I-131 will not predispose to malignancy more in this 


group than in toxic diffuse goiter. 

Recently, there has been added another objection to treatment with 
I-131 in younger patients with hyperthyroidism. There is a risk that 
incidental radiation to the gonads may increase the likelihood of mutant 
offspring, should these patients become parents. 

Glass** has estimated the effect of radiation from I-131 therapy upon 
the mutation rate in the offspring of the population as a whole, and 
in the progeny of the particular patient. From a liberal estimate of the 
number of patients of childbearing age who might be treated annually 
and from the dosages in current use, he has estimated that the increase 
in mutations from this cause will have virtually no meaning for the 
population at large. To quote him: 
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“The average gonadal dose can be estimated to be about six rads per 
person from data presented at the recent Atomic Energy Commission spon- 
sored conference on I-131 therapy.*? This indicates an equivalence of about 
1 rad to the gonads from 1 millicurie of radioiodine administered. The effect 
upon the population as a whole must be regarded as negligible because of the 
small number of individuals being treated. Thus one can assume that 100,000 
persons under 40 years of age are given radioiodine in the course of a human 
generation, a number which is much greater than actually now given such 
treatment. The product would be 1500 mutations scattered in the descendants 
of these 100,000 persons in a population of 100 million persons per genera- 
tion. Ten r, the permissible dose set by the National Academy of Science 
Committee, administered to the entire population would result in five million 
mutations. The ratio works out 0.03 per cent or 3/10,000 of what might be 
considered a critical limit. Even if 100,000 persons were treated per year, this 
would produce only 45,000 mutations, which works out at 0.9 per cent of 
the permissible limit. Since the administration of radioiodine is only one of 
many sources of radiation exposure to which the population is subject, I would 
think personally that this latter level would begin to be of some significance. 

“If the administered dose averaged 36 rads, this would about equal the 
dose that would double the spontaneous mutation rate from all sources, 
including the background radiation.” 


However, the situation for the individual patient is somewhat dif- 
ferent. As just seen from Dr. Glass’ estimates, the possibility of 
tangible genetic defects in the progeny of the I-131 treated individual 
is about 1 to 2 per cent (1500 mutations per 100,000 patients at risk) 
with the usual doses employed in the treatment of hyperthyroidism, 
about 10 per cent of which would appear in the first generation, Such 
a likelihood may be small percentagewise. Yet, if confirmed, it would 
seem to be too large to warrant I-131 therapy in the younger age groups 
when only uncomplicated hyperthyroidism is being treated, and not 
cancer, Surgery in this age group is effective; is presently associated 
with virtually no mortality; and carries no such genetic risks or fear of 
carcinogenesis. Chronic antithyroid drug therapy also is available for 
the younger patient although the method carries a lower permanent 
remission rate than operation. 

Obviously, these arguments against the use of I-131 in younger 
people are less important when the toxic goiter has recurred after a 
previous operation. The greater morbidity and sharply decreased ef- 
ficacy of surgery when a second operation or more is required, make 
I-131 the method of choice. 

The occurrence of acute leukemia after I-131 therapy for thyroid 
cancer is well-recognized and had been anticipated as a risk of the 
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doses of I-131 required. With these doses, whole body radiation may 
reach or exceed the dose level of 30-50 r which is the dose which has 
been estimated by some to double the spontaneous incidence rate of 
leukemia in the population as a whole.*! The doses of I-131 usually 
employed in hyperthyroidism, however, provide radiation doses well 
below this doubling dose. Nonetheless, if the effect of radiation is pro- 
portional to the dose, there should be an increase in leukemia even with 
low dose levels, i.e., 10 per cent increase for 5 r. Withal, an occurrence 
of leukemia at these lower doses would be more apt to be a spontaneous 
event and not the consequence of the I-131 therapy. 

This hypothesis seems borne out by the results presented at the 
recent Atomic Energy Commission sponsored conference on I-131 
therapy.’ Four patients in the 13,000 followed from one to ten years 
after I-131 therapy for hyperthyroidism were reported to have devel- 
oped acute leukemia, i.e., four per 65,000 patient years. This incidence 
corresponds to the expected spontaneous incidence of acute leukemia 
in the general population of 1 per 20,000 patients per year, 1.¢., 1 per 
20,000 patient years. 

Our patient whose leukemia was diagnosed subsequent to the AEC 
conference, received a total of 2.1 me. I-131. This represents between 
1-3 rads general body exposure and a blood dose of between 2-6 rads. 
The whole body exposure is well below the doubling dose of 30-50 r. 
Where radiation effect has induced leukemia, onset has been at two 
years with peak incidence about six years after exposure. The present 
patient developed leukemia 18 months after I-131 therapy. Pochin’s 
patient included in the four above received 6.8 me. I-131 and had 
onset of leukemia at 18 to 24 months after therapy. It is probable that 
the onset of the leukemia in both was unrelated to I-131 therapy, but 
it is equally clear that more data need to be collected. It becomes im- 
portant that an occurrence of leukemia after I-131 therapy be reported 
with the details of treatment, time of onset, etc.* 

The total incidence of permanent hypothyroidism after I-131 ther- 
apy is appreciable. The incidence during the first year in the present 
series, 7.6 per cent, is about as low as has been reported for this method, 
and is in the range of some surgical series.‘ However, the additional 7.6 
per cent with onset during the subsequent years of follow-up makes the 


* Since many patients also receive antithyroid drugs, Failla® has raised the question whether these 
latter agents may not in themselves be mutagenic and hence cause, or contribute to, the occurrence 
of leukemia. 
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total definitely greater than that of surgery. Since one patient became 
hypothyroid in the tenth year after therapy, the incidence may become 
still higher as time goes on. A possible explanation for delayed onset 
of hypothyroidism may lie in the abnormal pituitary-thyroid relation 
found to exist in active hyperthyroidism.** Euthyroid healthy subjects 
given tri-iodothyronine show a sharp decrease in I-131 uptake by the 
thyroid whereas overtly hyperthyroid patients show little or no decrease 
in uptake.*® For the first five years following induced remission, tri- 
iodothyronine still does not decrease uptake in the majority of patients.* 
Subsequently, the majority of patients respond like normals. It is thus 
possible that the increased secretory rate of the thyroid remnant per- 
sists after I-131 therapy, and is thereby able to maintain euthyroidism 
but not hyperthyroidism, After five years, normal pituitary-thyroid 
relations may be reestablished. The hyperactivity of the thyroid rem- 
nant would end and with a decrease in secretory activity, hypothyroid- 
ism would appear. 

The relative merits of radioiodine, surgery, and chronic antithyroid 
drugs must be even more critically scrutinized when complicating 
ophthalmopathy is present. It is commonly assumed that the non-infil- 
trative form of the disorder carries a good prognosis following surgery, 
and the infiltrative form a poor one. Virtually no published data are 
available however on which to base this assumption, It is, thus, almost 
impossible to compare the present results obtained with I-131 with 
those from surgery or antithyroid drugs. However, many of our patients 
with infiltrative ophthalmopathy were deliberately treated with I-131 
after they were rejected by the surgeons on this account. The good 
results obtained suggest that I-131 may be a better form of treatment 
in this regard than surgery. Whether I-131 has advantages over anti- 
thyroid drugs in respect to ophthalmopathy is not known. Rapidly ad- 
vancing ocular damage has been seen during antithyroid drug therapy. 
However, comparisons are not possible because of lack of published 
data. 

The dearth of information about the course of ophthalmopathy after 
treatment of the hyperthyroidism suggests that the classification of eye 
changes employed in this study might be used in presenting data from 
other series and for other methods of therapy. This would provide com- 
parable information so that the relative efficacies of the several methods 
of treatment could be appraised, or the results among clinics with any 
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one method evaluated. At worst, the relative incidences of patients 
winding up their course with severe impairment of ocular function or 
vision, or need for decompression, could be established. 

It is recognized that the criteria employed herein for the classifica- 
tion of eye changes are somewhat arbitrary and that the clinical pic- 
tures may frequently not fit clearly into one or the other category. It 
is also recognized that the several forms of ophthalmopathy may be no 
more than the different manifestations of a single pathogenetic process, 
with a range from mild to severe.** Nonetheless, separation of the 
patients into two groups is a time-honored practice,*”” and the validity 
of such distinctions cannot be established unless the effort is made to 
classify these patients. However, our results would seem to suggest 
that the separation into two groups is probably meaningless, both prog- 
nostically and mechanistically. 


CoNcCLUSIONS AND SUMMARY 


There is no question about the high efficacy of I-131 in the treat- 
ment of hyperthyroidism. However, the method carries with it certain 
risks, such as that of hypothyroidism, or of failure to obtain remission 
with any given dose. These difficulties are explained by a factor of 
variability in susceptibility to radiation effect. 

The disadvantage of unpredictability of outcome is not too serious 
since it can be largely offset by the concurrent use of antithyroid drugs. 
Hypothyroidism too may not be troublesome, since replacement therapy 
is virtually complete. However, the onset of hypothyroidism may occur 
years after treatment and may be quite insidious, As a consequence, 
the relation of the new symptoms to the antecedent I-131 therapy may 
go unsuspected by both physician and patient, unless the patient has 
been previously warned of the possibility of such a development. 

Uncertainty about late thyroid cancer remains after ten years of 
I-131 usage. This uncertainty alone probably should continue to limit 
the use of the isotope in the younger age groups. In addition, however, 
there is another and equally important reason for restriction of treat- 
ment in younger people. The radiation effect to the gonads from I-131 
therapy increases the mutation rate to between 1 per cent and 2 per 
cent in the offspring of the treated patient. Thus, exposure of a potential 


parent to this risk, however small, or of younger people in general to 
the possible risk of cancer, seems unjustifiable at the present stage of 
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information. Surgery in this group is effective and carries a low mor- 
tality and morbidity. 

There is a dearth of comparable data by which to define the relative 
success of [-131 therapy in controlling the ophthalmopathy of patients 
with hyperthyroidism. The present experience suggests that I-131 
probably carries less risk of serious ocular damage consequent to therapy 
than surgery. It is also probable that I-131 therapy is not more risky in 
this regard than is long-term antithyroid drug therapy, whereas I-131 
is a more definitive therapeutic agent for the hyperthyroidism itself. 
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There is still a tendency amongst some 
experimentalists to regard animals as test 
tubes, with an outside skin covering a vari- 
ety of peculiar internal organs of unknown 
quality and quantity; the state of these 
organs is assumed to be immaterial, as long 
as the animal breathes and its heart throbs, 
so that it can be subjected to some experi- 
ment. This is not an exaggeration. On read- 
ing scientific biological literature at large, 
one might deduce that all groups of animals 
selected for experiment were 100 per cent 
healthy on delivery and throughout the 
period of experiment. It is rare to find a 
paper in which an author tacitly or frankly 
admits to the co-existence of spontaneous 
disease in his animals during any chronic 
experiment; this might render his results 
of doubtful validity and make the paper 
unacceptable by any journal. Indeed, a 
lengthy experience with the experimental 
animal, and study of its spontaneous dis- 
eases, might cause one to question the worth 
of many published scientific papers. 

Morbidity and mortality do not cease as 
by divine intervention, merely because ani- 
mals are passed from stock colonies to ex- 
perimentalists. It has been stated that in 
acute experiments, when animals are killed 
shortly after exposure to any procedure, the 
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existence of spontaneous disease may be 
immaterial. I question this queer attitude 
for the results of LD, tests will 
vary considerably with the state of health 
of laboratory animals. 

The provision of healthy animals of a 
known standard breed, strain and clinical 
history, and free from disease, is a prime 
requisite of any medical research institution. 

Diseases might be placed in arbitrary 
categories, The outstanding group undoubt- 
edly includes the epizootic and enzootic 
varieties caused by bacteria, viruses, pro- 
tozoa, worms, ectoparasites or fungi. The 
problems vary from species to species be- 
cause of differences in susceptibility. These 
the main conditions which may cause 
high morbidity and mortality rates. 

In a second group are the lesions, or 
disease complexes, which may be chronic 
and clinically silent for a long time, e.g., 
chronic murine pneumonia and many para- 
sitic diseases, and which usually can be 
diagnosed only at necropsy. 

Let us clearly recognize the difficulties 
in accurate and quick diagnosis of disease 
in small laboratory animals, and that “clin- 
ical” diagnosis in the living state is of the 


acute 


are 


most superficial kind. Even naked eye ex- 
amination of organs at necropsy may not 
be sufficient, and the smaller the animals, 
the more apparent are these limitations. 
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To anyone with experience in the exami- 
nation of laboratory animals for pathologic 
changes, there is known yet a host of what 
might be called “incidental lesions”. Some 
of these may not interfere with general 
health, some may be fortuitous freaks and 
accidents, but they will be regularly ob- 
served if a careful search is made. 

Some of the epizootic and enzootic disease 
controlled by and 
most pathologists, over the years, become 
familiar their general picture. For 
those involved in experimental studies, par- 
ticularly implicating chronic toxicity and 
chronic infections, the clinically silent and 
incidental lesions with high morbidity rates 
are Without adequate experi- 
ence, the effect of an experimental proced- 
ure on organs and tissue can be confused 
with nature. In_ rats 
derived from a colony in which there is a 
high morbidity rate of chronic pneumonia, 
a diagnosis of chronic bronchitis following 
exposure to almost an 
impossibility, but this has been recorded 


can be various means, 


with 


important. 


lesions caused by 


toxic inhalants is 


many times. 


Inherited diseases must never be ignored 
(as can be seen below and by a glance at 
Hans Griineberg’s fascinating book on 
“Animal Genetics and Medicine”) By igno- 
rance of, or failure to recognize, inherited 
conditions, some of which may be inap- 
parent until long after birth, sublethal and 
lethal factors have become widespread. In- 
herited be recorded and 
the animal strains be kept, as they are 
for workers in 


diseases should 


available tools of study 
genetics and heredo-pathology. 


The possibility of spontaneous nutritional 


deficiencies occurring, even in these modern 
days, cannot be cursorily dismissed, and we 
still know little regarding the role of nutri- 
tion in resistance to diseases. 


Finally, let us not forget that a knowl- 
edge of diseases of laboratory animals is 
of fundamental importance to the experi- 
mentalist who is engaged in the elucidation 
of diseases of man and domesticated ani- 
mals, that are many diseases 
transmissible from animals to man. 


and there 


\ short listing of certain categories of 
diseases is appended: 


A. Some Common Diseases: 


RATS: Chronic murine pneumonia; in- 
fectious catarrh; middle ear disease; para- 
typhoid infections; leptospirosis; toxoplas- 
mosis; meningoencephalitis caused by en- 
cephalitzoon ; 
demyelinating disease in adult rats; myo- 
carditis. 


bartonellosis; spontaneous 


MICE: Salmonellosis; pasteurellosis; ec- 
tromelia; streptococcal polyarthritis; lym- 
phocytic choriomeningitis; murine demye- 
linating disease; mouse viral hepatitis; grey 
lung virus diarrheal disease of 
suckling mice; sarcosporidiosis; myocarditis 
and pulmonary phlebitis caused by _rick- 
ettsia-like bodies. 


disease ; 


GUINEA PIGS: Salmonellosis; pneumo- 
nias; lymph- 
adenitis; coccidiosis; salivary gland virus; 


pseudotuberculosis; cervical 


“infectious paralysis”; toxoplasmosis; en- 
cephalitis; scurvy. 

RABBITS: Coccidiosis (hepatic and in- 
testinal) ; mucoid enteritis; snuffles; pseudo- 
tuberculosis; necrobacillosis; rabbit syphilis; 
pyogenic infections; ringworm; ear mange; 
intestinal parasites; muscular dystrophy; 
listerellosis; hemorrhagic typhilitis; myxo- 
matosis; rabbit pox; posterior paralysis. 

B. Inherited Conditions. A few examples 
selected at random include: encephalocele 
and spina bifida in rabbits; 
syringomyelia in rabbits; otocephaly and 
other monstrosities of the head of guinea 
pig, mouse and rabbit; hydrocephalus in 
mouse and rat; eye anomalies; brachydacty- 
lism in the 


mice and 


rabbit; ataxias and tremors; 
various epilepsies and audiogenic seizures 
in rabbits; shaking, jerking and waltzing 
mice; dwarfism in rabbits and mice; achon- 
droplasia, osteopetrosis and splayleg in rab- 
bits; latent diabetes in rats; acholuric jaun- 
dice in rats; short, fused and kinky tail of 
mice; short ear in mice; polydactylism in 
guinea pigs; hare lip and cleft palate in 
mice; tooth anomalies; anomalies of uro- 
tract; varieties of hairlessness in 


mice and rabbits. 


genital 


C. A few of the clinically silent and in- 
cidental lesions include calcification of the 
adrenal glands of monkeys and cats; aspi- 
rated fragments of bone in the lungs of ro- 
dents; calcification of the pulmonary artery 
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and aorta of rats; myocarditis in rats and 
rabbits; pulmonary 
guinea pigs; 
calcification in rats; 


adenomatosis in rats 
testicular atrophy and 
ovarian abscess in 
rats; chronic nephritis in guinea pigs, ham- 
sters and rabbits; giant-cell granuloma in 
rat lungs; corpora calcificantes in ovaries 
myodegeneration in skeletal 
of rabbits; pancreatitis in 


and 


of monkeys; 
muscle mice; 
lipid metamorphosis in liver and kidneys 
of guinea pigs; 
lesions in the lungs of mice caused by frag- 


granuloma and vascular 


ments of hair or epidermal scales carried in 
by intravenous injections. 

The lecture was illustrated profusely by 
a series of lantern slides showing macro- 
scopic and microscopic changes in the vari- 
ous conditions, most of which have been 
themes of various papers published by the 
staff of the author’s department. 


REFERENCE 


1. Griineberg, H. Animal genetics and medicine. 
London. Hamish Hamilton, 1947. 


DISCUSSION 


ALFRED ANGRIST: I was surprised to 
hear that salmonellosis never affected rats. 
1 thought that S. typhi murium was common 
in this species and other forms of salmon- 
ellosis, too. I know we produced morpho- 
logic lesions with several Salmonella strains 
by mouth, though we did use large doses. 


J. R. M. INNES: I said we could not 
produce demonstrable experimental disease 
in rats, but there are remarkably few 
papers on salmonellosis in rats. Using the 
same strain of Salmonella that killed mice 
and 
Mr. 


ella was an infection supposed to occur in 


hamsters we were unable to kill rats. 


Cummings also stated that Salmon- 


rats, but he had not seen acute out- 


breaks. 


any 


ANN POLLAK: Is it possible to get 
hamsters that don’t have tapeworms? All of 
mine do, and I was wondering whether this 
was just in my laboratory. 

J. R. M. INNES: I do not know. 


HENRY SIEGEL: I should like to ask 
whether Dr. Innes has any ideas concerning 
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the cause of the perifollicular hyperplasia 
observed in the spleens of some groups of 
rats, and not in other groups. 


J. R. M. INNES: 
little of that. Most 
examined are killed, and do not die natural 


We have seen very 
of the rats we have 


deaths, but we have seen a number which 
we think had leukemia. 


MAX WACHSTEIN: May ask 
whether Dr. Innes has also noticed the dif- 
fuse the liver, 


which are very bothersome in experiments 


granulomatous lesions in 


with rats, particularly in those on various 
deficiency diets? 


J. R. M. INNES: We 
lesion commoniy in rabbits, but not in rats. 


have seen the 


SIGMUND L. WILENS: I would like 
to get a little better impression as to the 
source of the animals, and what had been 
done to the animals. Are these animals on 
which experiments have been performed, 
and if so, do you feel that any experimental 
procedure can start up and bring to life 
process which 
ordinarily might not be present at all, or 
would take a long time to develop? How 
much part does the age of the animal play 
in the occurrence of these diseases, because 
it has been my impression with animals, as 


some spontaneous disease 


with man, that when you autopsy a young 
individual you find a few incidental lesions, 
and when you autopsy an older individual 
you find many. 


J. R. M. INNES: There are many ex- 


perimental procedures which will provoke 
latent or clinically silent infections, par- 


ticularly in mice. Salmonellosis is an ex- 


ample. ‘The source of our animals is tre- 


mendously mixed; some come from our 


and some of the lesions 
shown have been picked up during chronic 


toxicity work. All the lesions of chronic 


animal colony, 


pneumonia represent part of a study car- 
ried out mostly on rats from our colony, 
some killed for the special purpose. Our 
number has been built up constantly by cut- 
ting sections of lungs, and making cultures, 
of hundreds of rats of all ages from other 
sources. I think the age of the animal cer- 
tainly does play a big role. We do not see 
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To anyone with experience in the exami- 
nation of laboratory animals for pathologic 
changes, there is known yet a host of what 
might be called “incidental lesions”. Some 
of these may not interfere with general 
health, some may be fortuitous freaks and 
accidents, but they will be regularly ob- 
served if a careful search is made. 

Some of the epizootic and enzootic disease 
can be controlled by various means, and 
most pathologists, over the years, become 
familiar For 
those involved in experimental studies, par- 
ticularly implicating chronic toxicity and 
chronic infections, the clinically silent and 
incidental lesions with high morbidity rates 
are important. Without adequate experi- 
ence, the effect of an experimental proced- 
ure on organs and tissue can be confused 
nature. In_ rats 


with their general picture. 


with lesions caused by 


derived from a colony in which there is a 
high morbidity rate of chronic pneumonia, 
a diagnosis of chronic bronchitis following 
exposure to toxic inhalants is almost an 
impossibility, but this has been recorded 


many times. 


Inherited diseases must never be ignored 
(as can be seen below and by a glance at 
Hans Griineberg’s fascinating book on 
“Animal Genetics and Medicine”.’) By igno- 
rance of, or failure to recognize, inherited 
conditions, some of which may be inap- 
parent until long after birth, sublethal and 
lethal factors have become widespread. In- 
herited should be recorded and 
the animal strains be kept, as they are 
for workers in 


diseases 


available tools of study 
genetics and heredo-pathology. 

The possibility of spontaneous nutritional 
deficiencies occurring, even in these modern 
days, cannot be cursorily dismissed, and we 
still know little regarding the role of nutri- 
tion in resistance to diseases. 

Finally, let us not forget that a knowl- 
edge of diseases of laboratory animals is 
of fundamental importance to the experi- 
mentalist who is engaged in the elucidation 
of diseases of man and domesticated ani- 
mals, and that there are many diseases 
transmissible from animals to man. 

\ short listing of certain categories of 
diseases is appended: 


A, Some Common Diseases: 


RATS: Chronic murine pneumonia; in- 
fectious catarrh; middle ear disease; para- 
typhoid infections; leptospirosis; toxoplas- 
mosis; meningoencephalitis caused by en- 
cephalitzoon; bartonellosis; spontaneous 
demyelinating disease in adult rats; myo- 
carditis. 

MICE: Salmonellosis; pasteurellosis; ec- 
tromelia; streptococcal polyarthritis; lym- 
phocytic choriomeningitis; murine demye- 
linating disease; mouse viral hepatitis; grey 
lung virus diarrheal disease of 
suckling mice; sarcosporidiosis; myocarditis 
and pulmonary phlebitis caused by rick- 
ettsia-like bodies. 


disease ; 


GUINEA PIGS: Salmonellosis; pneumo- 
nias; pseudotuberculosis; cervical lymph- 
adenitis; coccidiosis; salivary gland virus; 
“infectious paralysis”; toxoplasmosis; en- 
cephalitis; scurvy. 

RABBITS: Coccidiosis (hepatic and in- 
testinal) ; mucoid enteritis; snuffles; pseudo- 
tuberculosis; necrobacillosis; rabbit syphilis ; 
pyogenic infections; ringworm; ear mange; 
intestinal muscular dystrophy; 
listerellosis; hemorrhagic typhilitis; myxo- 
matosis; rabbit pox; posterior paralysis. 


parasites ; 


B. Inherited Conditions. A few examples 
selected at random include: encephalocele 
and spina mice and_ rabbits; 
syringomyelia in rabbits; otocephaly and 
other monstrosities of the head of guinea 
pig, mouse and rabbit; hydrocephalus in 
mouse and rat; eye anomalies; brachydacty- 
lism in the 
various epilepsies and audiogenic seizures 
in rabbits; shaking, jerking and waltzing 
mice; dwarfism in rabbits and mice; achon- 
droplasia, osteopetrosis and splayleg in rab- 
bits; latent diabetes in rats; acholuric jaun- 
dice in rats; short, fused and kinky tail of 
mice; short ear in mice; polydactylism in 
guinea pigs; hare lip and cleft palate in 
mice; tooth anomalies; anomalies of uro- 
genital tract; varieties of hairlessness in 
mice and rabbits. 


bifida in 


rabbit; ataxias and tremors; 


C. A few of the clinically silent and in- 
cidental lesions include calcification of the 
adrenal glands of monkeys and cats; aspi- 
rated fragments of bone in the lungs of ro- 
dents; calcification of the pulmonary artery 
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and aorta of rats; myocarditis in rats and 
rabbits; pulmonary adenomatosis in rats 
and guinea pigs; testicular atrophy and 
calcification in rats; ovarian abscess in 
rats; chronic nephritis in guinea pigs, ham- 
sters and rabbits; giant-cell granuloma in 
rat lungs; corpora calcificantes in ovaries 
myodegeneration in skeletal 
of rabbits; pancreatitis in 
lipid metamorphosis in liver and kidneys 
of guinea pigs; 
lesions in the lungs of mice caused by frag- 
ments of hair or epidermal scales carried in 
by intravenous injections. 


of monkeys; 
muscle mice; 


granuloma and vascular 


The lecture was illustrated profusely by 
a series of lantern slides showing macro- 
scopic and microscopic changes in the vari- 
ous conditions, most of which have been 
themes of various papers published by the 
staff of the author’s department. 
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1. Griineberg, H. Animal genetics and medicine. 
London. Hamish Hamilton, 1947. 


DISCUSSION 
ALFRED ANGRIST: I was surprised to 


hear that salmonellosis never affected rats. 
I thought that S. typhi murium was common 
in this species and other forms of salmon- 
ellosis, too. I know we produced morpho- 
logic lesions with several Salmonella strains 


by mouth, though we did use large doses. 


J. R. M. INNES: I said we could not 
produce demonstrable experimental disease 
in rats, but there are remarkably few 
papers on salmonellosis in rats. Using the 
same strain of Salmonella that killed mice 
and hamsters we were unable to kill rats. 
Mr. stated that Salmon- 
ella was an infection supposed to occur in 


Cummings also 


rats, but he had not seen any acute out- 


breaks. 

ANN POLLAK: Is it possible to get 
hamsters that don’t have tapeworms? All of 
mine do, and I was wondering whether this 
was just in my laboratory. 


J. R. M. INNES: I do not know. 


HENRY SIEGEL: I should like to ask 
whether Dr. Innes has any ideas concerning 
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the cause of the perifollicular hyperplasia 
observed in the spleens of some groups of 
rats, and not in other groups. 


J. R. M. INNES: We have seen very 
little of that. Most of the rats we have 
examined are killed, and do not die natural 
deaths, but we have seen a number which 
we think had leukemia. 


MAX WACHSTEIN: May I ask 
whether Dr. Innes has also noticed the dif- 
fuse granulomatous lesions in the liver, 
which are very bothersome in experiments 
with rats, particularly in those on various 
deficiency diets? 


J. R. M. INNES: We 
lesion commonly in rabbits, but not in rats. 


have seen the 


SIGMUND L. WILENS: I would like 
to get a little better impression as to the 
source of the animals, and what had been 
done to the animals. Are these animals on 
which experiments have been performed, 
and if so, do you feel that any experimental 
procedure can start up and bring to life 
spontaneous which 
ordinarily might not be present at all, or 
would take a long time to develop? How 
much part does the age of the animal play 
in the occurrence of these diseases, because 


some disease process 


it has been my impression with animals, as 
with man, that when you autopsy a young 
individuai you find a few incidental lesions, 
and when you autopsy an older individual 
you find many. 


J. R. M. INNES: There are many ex- 
perimental procedures which will provoke 
latent or clinically silent infections, par- 
ticularly in mice. Salmonellosis is an ex- 
ample. ‘The source of our animals is tre- 
mendously mixed; come from 


some our 


animal and some of the lesions 
shown have been picked up during chronic 
toxicity work. All the lesions of chronic 
pneumonia represent part of a study car- 
ried out mostly on rats from our colony, 
some killed for the special purpose. Our 


number has been built up constantly by cut- 


colony, 


ting sections of lungs, and making cultures, 
of hundreds of rats of all ages from other 
sources. I think the age of the animal cer- 
tainly does play a big role. We do not see 
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anything like the variety of these incidental 
lesions in young animals as in old animals. 
Some of the lesions are fortuitous and 
may not affect the health of the animals, 
think the 


finding of hair is extremely interesting, be- 


but they still are important. I 


cause on occasion not hair, but cotton wool 
fibers, have been seen in human lungs. Hav- 
have 
that 
have been injected intravenously repeatedly. 
If we had not been lucky enough to observe 
the hair fragments, we might have reported 


ing seen these changes once, we 


noticed them frequently in animals 


the toxic drug as causing peculiar gran- 


ulomatous and vascular lesions in lungs. 


SIGMUND L. WILENS: 
never have seen Hodgkin's 


I take it 
disease in 


you 
any 
animal. 


J. R. M. INNES: 1 do not think 
authentic instance of Hodgkin’s disease has 


any 


ever been reported in any animal. I have 
seen sarcomatous tumors in dogs’ spleens, 
but to my knowledge there has been no 
report of Hodgkin’s disease in its entirety 


in any animal, taking all the clinical and 


pathologic pictures into account. I think 


you will find that most reports of Hodg- 
kin’s disease in animals fail on that score. 
Usually they have been reported on the 
basis of the presence of one or two Dor- 
othy Reed-Sternberg cells in a tumor of 
lymph node or spleen. 


SIGMUND L. 
mitral stenosis 


WILENS: 
in animals? 


Have you 


ever seen 


J. R. M. INNES: Not so commonly as 


in man. The mitral lesions in animals are 
mostly residual from some previous infec- 
with or after 


tion, occasionally in dogs 


streptococcal infections. 


SIGMUND L. WILENS: 
ever seen a gallstone in an animal? 


Have you 


J. R. M. INNES: No, I have not. 


HENRY SIEGEL: I have had a little 
experience along that line which I have not 
been able to duplicate. About 15 years ago 
we had a group of dogs on a pantothenic 
acid deficient synthetic diet. As they were 
brought out of their deficiency with panto- 
thenic acid, there developed a hemolytic 
anemia associated with pigment calculi, The 
experiment was terminated because of the 
war. We were subsequently unsuccessful in 
attempts to reproduce these findings. Ap- 
parently it is something related to the diet. 


ANN 
little 
hamsters? 


POLLAK: 


about 


I would like to ask a 


more amyloid; was that in 


J. R. M. INNES: Yes, but I have seen 
little of this lesion myself. 


SIGMUND L. WILENS: I 
under the impression we might find amyloid 


have been 
in any animal that has a chronic infection, 
except the rat. Have you ever seen amyl- 
oidosis in the rat? Do you think that state- 
ment is true? 


J. R. M. INNES: We have not 
amyloid degeneration in rat tissues, but we 
see few rats over one year old. 


seen 
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The fundamental knowledge gained from 
studies on the native diseases of laboratory 
animals has contributed in no small meas- 
ure to the growth of pathology. Quite 
apart from any theoretical value, however, 
this knowledge is of immediate practical 
significance. The accelerated pace of recent 
years in medical and research 
has brought about a huge increase in the 


biological 


use of experimental animals. Numerically 
the mouse is far in the lead. The United 
States alone in excess of ten 
million mice annually for scientific purposes. 
Laboratory mice are unusually susceptible 
animals and are subject to a wide variety 
of diseases. The risk of transmission is 
enhanced by the mass production methods 
necessary to rear them in quantity. For 
the correct interpretation of experimental 
findings it is essential that both the breed- 
ers and the users of mice be familiar with 
their disease pattern. 


produces 


The present liver disease is illustrative of 
may unexpectedly appear in the 
mouse. It was first observed during the 
passage of murine lymphocytic leukemia. 
The incidence of leukemia (lymphoma) in 
the random-bred Princeton mouse, main- 
tained at the Rockefeller Institute since 
1922, is close to five per cent in year-old 
animals. The favorite sites of development 
in these mice are the regional lymph nodes 
and the spleen. It is transferable to wean- 
lings of the same strain by the intraperi- 
toneal injection of organ suspensions con- 
taining the tumor cells. On passage the 
activity of the cells is accelerated and 
lesions appear by the tenth day or earlier. 
In addition to the usual sites, the ovarian 
capsule and periovarian tissues are often 
involved. This reaction was of particular 
interest because pleuropneumonia-like or- 
ganisms (PPLO), which have long been 
studied in this laboratory, selectively lo- 


what 
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calize in the ovary and oviducts on intra- 
peritoneal injection.* An experiment was 
begun to determine the behavior of a sus- 
pension containing both PPLO and _ leu- 
kemic lymphocytes. Unexpected difficulties 
were encountered in maintaining a passage 
series to provide a constant supply of the 
tumor In two series the leukemic 
cells failed to develop after 30-odd passages. 
With the third episode in which the failure 
occurred after 12 passages, an explanation 
was sought. 

Two mice in the critical passage of the 
third series died on the ninth day and 
involvement of the liver at 


cells. 


showed focal 
autopsy. Serial abdominal passage was then 
begun with a pooled liver suspension from 
these mice. It was soon apparent that the 
original leukemic syndrome had been re- 
placed by an acute and transmissible ne- 
crosis of the liver.2 This condition, now 
designated mouse hepatitis, was readily 
reproducible in Princeton weanlings (10 to 
12 grams) by intraperitoneal injection of 
10 per cent liver suspensions from dead 
or sickly mice. The course of the disease 
was brief. In one series of 100 
were dead by the fourth day. The mortality 
rate was practically 100 per cent. 

At autopsy the only constant pathologic 
finding was in the liver. The characteristic 


mice 68 


histologic feature was necrosis of the he- 
patic parenchyma, varying in distribution 
from focal to diffuse. This reaction is 
described in some detail. Recovery from the 
disease was rare and generally limited to 
mice injected with suspensions of reduced 
activity. Some of these mice showed typi- 
‘ally cirrhotic livers when killed. In no 
instance, however, was there any indication 
of leukemia. If liver suspensions were in- 
troduced by other routes, namely subcu- 
taneous, intracerebral, intranasal, and oral, 
the causal agent was carried to the liver 
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and produced the usual lesions. It was not 
transmissible by direct contact unless can- 
nibalism occurred. 

The 


virus.* On titration, freshly prepared liver 


causal agent was identified as a 


suspensions showed declining activity 
through dilution 10°. The virus was demon- 
strable in the liver, spleen, kidney, heart's 
blood, urine, and intestinal contents of ex- 
perimentally infected mice. Its activity was 
reduced in young adults 8 to 15 weeks old. 
The mortality morbidity 
rates were 55 and 88 per cent, in compari- 


respective and 
son with 99 and 100 per cent in three to 
old weanlings. Infant Swiss 
fully susceptible through the 
tenth day after birth, but weanlings were 


four weeks 


mice were 


largely resistant. Continued passage at 


short intervals resulted in a modified form 
that was fully active.‘ 

While the above work was in progress 
another type of mouse hepatitis was re- 
by Gledhill and An- 


was originally obtained from 


ported in England 
drewes’ It 
mice of the Parks strain which were rela- 
of Webster's 
BSVS strain were highly susceptible. ‘The in- 


tively resistant. Weanlings 
traperitoneal injection of organ suspensions 
and filtrates resulted in a disease syndrome 
essentially the same as the hepatitis of 
Gledhill, Dick An- 
then noted that the causal agent 
could be resolved into a stable component 
S and a labile one L, The latter was in- 


activated by Terramycin but not penicillin. 


Princeton mice. and 


drewes® 


Both components were filterable and non- 
cultivable. Together with Niven, these au- 
thors’ later identified the S component as 
a virus of low virulence and the L form as 
The two agents 
were largely inactive when injected alone, 


Kperythrozoon coccoides. 
but in combination regularly produced fatal 
hepatitis. Prior to death there was a marked 
increase in the number of eperythrozoa in 
the blood. 

E. coccoides is not carried by the Rocke- 
feller Institute of Princeton and 
Swiss mice. It was obtained, however, from 


strains 


an outside source and maintained by pass- 


age in unsplenectomized Princeton wean- 


lings. It has no effect on the highly active 
local virus in these mice. Dual injection in 


Swiss weanlings was attended by lethal 


hepatitis and accompanied by an increased 
growth of the organisms,* substantiating the 
findings of the British workers. 
Additional types of hepatitis virus have 
been from the same and other 
strains of mice." Some of them produce 


isolated 


pathologic changes in the brain, on intra- 
peritoneal or intracerebral injection, in ad- 
dition to involvement of the liver. It is now 
apparent that there exists a family of 
closely related murine viruses with hepato- 
tropic and neurotropic properties.* They 
are widely distributed in nature and ap- 
parently enzootic in both random and inbred 
mouse Under conditions 
these inapparent but their 
emergence may be brought about by the 
growth of leukemic cells, by EF. coccoides 
and by treatment with urethane” or methyl- 
formamide. It is necessary to assume that 
they exist in a latent or immature state in 
an occasional mouse. Whatever their an- 
cestral history may be they are very real 
entities, once they appear, and constitute 
an additional hazard in the of mice 
for experimental purposes. 


colonies. normal 


viruses are 


use 
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DISCUSSION 


BASIL, MOUMGIS: I did not quite get 
the time sequence. When you said you no 
longer had leukemia, was it because the 
animals died first of the infection, and 
leukemia did not have time to develop? 


J. B. NELSON: In passaging the highly 
virulent strain of Princeton hepatitis virus 
with a 10 per cent liver suspension that was 
more or less true, the time interval was 
too short. Using diluted suspensions, the 
virus developed more slowly but with no 
indication of leukemia. 


CECIL TREIP: Did the mice which re- 
covered and developed cirrhosis develop 
leukemia later on? 


J. B. NELSON: 
kemia in these 


I have never seen leu- 
mice. I cannot completely 
answer the question because in carrying 
many mice it is not practical to hold indi- 
vidual ones for a long time. So I am not 
able to say that the eccasional recovered 
mouse never develops leukemia. 


SIGMUND L. WILENS: I should like 
to ask first whether the animals that re- 
cover from it are resistant to subsequent 
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inoculation of hepatitis virus, whether you 
can transmit leukemia to them after they 
recover, and finally, is there any possible 
relationship between this virus hepatitis and 
the viruses that cause hepatitis in man? 


J. B. NELSON: Mice that recover from 
the highly virulent form of Princeton hepa- 
titis are not resistant. Actually I have had 
very few recovered cases to test and I am 
unable to answer your question about super- 


imposing leukemia on recovery. It is some- 


thing I plan to study with the less virulent 
strains of the virus. You also brought up 
the question of the relationship of mouse 


hepatitis to that in man. I do not see how 
they can be related except in the general 
type of reaction. Human hepatitis virus 
injected together with the eperythrozoon 


was completely inactive in mice. 


SIGMUND L. WILENS: In some of 
your inocula you used liver tissue. Is that 
always done? 


J. B. 


tissue in 


NELSON: 
passaging, 
are about equally active. 


I regularly use liver 
but spleen and blood 


SIGMUND L. WILENS: Is there a pos- 
sibility that this might lead to homologous 
antibody formation and play a role in mak- 
ing the animals susceptible to the virus? 


J. B. NELSON: 
of it. 


There is no indication 
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MONTHLY PANEL MEETINGS FOR THE GENERAL PHYSICIAN 


Sixth Series — 1957-1958 


(Please Note: For the coming academic year these meetings 
will be held on the SECOND TUESDAY of the month, 
November 1957 through April 1958, at 4:30 p.m., in Room 20 


TUESDAY 
November 12 
1957 


TUESDAY 
December 10 
1957 


TUESDAY 
January 14 
1958 


TUESDAY 
February 11 
1958 


TUESDAY 
March 11 
1958 


TUESDAY 
April 8 
1958 


at the Academy.) 


MANAGEMENT OF PATIENTS WITH ANGINA 


Moderator: Cuartes FE, KossMann 


Members: Crarence EF. ve 1a 
Cuaries Frrepeerc 
Samver A. 'THompson 


MANAGEMENT OF SURGICAL CONDITIONS OF THE 
ALIMENTARY TRACT IN INFANCY 


Moderator: Grorce H. Humpnreys Il 


RECENT ADVANCES IN THE TREATMENT OF THE SPRUE 
SYNDROME 


Moderator: Trtoomas Atmy 


COMMON UROLOGICAL PROBLEMS IN GENERAL PRACTICE 


Moderator: Vicror F. 


MANAGEMENT OF HEMORRHAGIC STATES 


Moderator: Towis R. Wasserman 


EVALUATION AND MANAGEMENT OF FATIGUE 


Moderator: To be announced 


THE NEW YORK ACADEMY OF MEDICINE 
2 East 103 Street ° New York 29, N. Y. 


814 


LECTURES TO THE LAITY 


Twenty-third Series, 1957-1958 


Under the Auspices of the 
Committee on Medical Information 


The New York Academy of Medicine 


MEDICAL PROGRESS IN THE OFFING 


Wednesday The Linsly R, Williams Memorial Lecture 
8:30 p.m. rHE STRESS OF LIFE 
Hans Serve 
Professor and Director, Institut de Médecine 
et Chirurgie Expérimentale, Université de Montreal 


Wednesday THE FUTURE IN CANCER 
November 27, 1957 
8:30 p.m, Joun R. Hever 
Director, National Cancer Institute, 
National Institutes of Health, U. S. Public 
Health Service 


Wednesday THE FUTURE IN NUTRITION 
December 11, 1957 
sao James M. Hunpiey 
Food and Agriculture Organization of 
the United Nations 


Wednesday THE FUTURE IN HEART DISEASE 
January 8, 1958 f 
8:30 p.m, Crarence pe La CHAPELLE 
Visiting Physician, Bellevue Hospital; 
Director of Medicine, Lenox Hill Hospital 


Wednesday FRONTIERS IN VIRUS RESEARCH 
January 22, 1958 
8:30 p.m. Max A. Lavrrer, Ph.D. 
Dean, Division of Natural Sciences and 
Professor of Biophysics, University of Pittsburgh 


Wednesday The George R. Siedenburg Memorial Lecture 
February 5, 1958 


8:30 p.m THE FUTURE OF RADIOACTIVE ISOTOPES IN MEDICINE 
Eprru H. Quimsy, Sc.D, 


Professor of Radiology (Physics), College of Physicians 
and Surgeons, Columbia University 
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POSTGRADATE RADIO PROGRAMME 


THE NEW YORK ACADEMY OF MEDICINE 


Thirty-fourth Series — 1957-58 


Twelve of the leading clinicians, research workers and public health administrators 
of France have contributed a series of addresses on French Medicine. This series is 
to be broadcast on the Academy’s FM Programme on Thursdays, 9-10 p.m. (Station 
WNYC-FM, 93.9 megacycles) for twelve consecutive weeks beginning November 7. 

The series of addresses, to be delivered in English, was recorded in France and 
was organized on the solicitation of The New York Academy of Medicine by the Radio- 
Diffusion Francaise, The French Broadcasting System in North America, Dr. Eugene 
\ujauleu, Director General of the Ministry of Public Health and Professor Pasteur 
Valléry-Radot, Member of the Académie de Médecine, Paris, structured the series. Mr. 
Pierre Crénesse, North American Director of the RadioDiffusion Francaise and Mr. 
Seymour N. Siegel, Director of WNYC-FM were the American intermediaries. 

The programme of the French Medicine Series includes the following addresses: 
tHE IMPORTANT PROBLEMS RAISED BY THE ORGANIZATION OF PUBLIC 

HEALTH IN FRANCE—Dr. Eugene Aujaleu, Director General of the Ministry 

of Public Health. 

MEDICAL INSTRUCTION IN FRANCE—Prof. Robert Debré, Professor of Clinical 
Pediatrics, Member of the Academy of Medicine. 

MEDICAL RESEARCH IN FRANCE—Prof. Louis Bugnard, Director of the 
National Institute of Hygiene. 

PASTEUR’S SCHOOL—Prof. Pasteur Valléry-Radot, Professor at the University of 
Paris. 

SULFAMIDES AND SULFONES—Prof. Jacques Tréfouel, Director of the Pasteur 
Institute. 

ORGANIZATION OF THE PASTEUR INSTITUTE—Dr. M. Aublant, Department 
Head at the Pasteur Institute. 

VIRUSES (Poliomyelitis)—Prof. Pierre Lépine, Chief of Service at the Pasteur 
Institute. 

ANTIHISTAMINES—Dr. Bernard Halpern, Chief of Service at the Broussais 
Hospital. 

LATEST THERAPEUTIC DISCOVERIES IN PSYCHIATRY—Dr. Jean E. 
Thuillier, Director of the Biological Laboratory at the Clinic for Mental Diseases 
of the University of Paris. 

THE B.C.G.—Dr. Jean Bretey, Director of the B.C.G. Laboratory at the Pasteur 
Institute. 

THE MOST RECENT FRENCH ACCOMPLISHMENTS IN THE FIELD OF 
CANCER—Prof. Raymond Bernard, Professor of Clinical Medicine at the Univer- 
sity of Paris. 

OPERATION OF A RHEUMATOLOGY CENTER IN PARIS—Prof. Stanislas de 
Seze, Professor of Clinical Rheumatology, University of Paris. 
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CONFIRMED THERAPEUTIC UTILITY 


Pro-Banthine® “proved almost invariably 
effective in the relief of ulcer pain, 


in depressing gastric secretory volume and in 


inhibiting gastrointestinal motility. 


“Our findings were documented by an in- 
tensive and personal observation of these 
patients over a 2-year period in private prac- 
tice, and in two large hospital clinics with 
close supervision and satisfactory follow-up 
studies.”* 

Among the many clinical indications for 
Pro-Banthine (brand of propantheline bro- 
mide), peptic ulcer is primary. During 
treatment, Pro-Banthine has been shown 
repeatedly to be a most valuable agent when 
used in conjunction with diet, antacids and 
essential psychotherapy. 

Therapeutic utility and effectiveness 


of Pro-Banthine in the treatment of peptic 
ulcer are repeatedly referred to in the recent 
medical literature. 
Pro-Banthine Dosage 
The average adult oral dosage of Pro- 
Banthine is one tablet (15 mg.) with meals 
and two tablets at bedtime. 

G. D. Searle & Co., Chicago 80, Illinois. 
Research in the Service of Medicine. 


*Lichstein, J.; Morehouse, M.G.,and Osmon, K. L.: 
Pro-Banthine in the Treatment of Peptic Ulcer. A 
Clinical Evaluation with Gastric Secretory, Motil- 
ity and Gastroscopic Studies. Report of 60 Cases, 
Am. J. M. Sc. 232:156 (Aug.) 1956. 
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THE BULLETIN 


DATA ON INTERNATIONAL CONGRESSES 
REQUESTED BY LIBRARY 


Fellows are reminded that the Library is eager to acquire the 


publications of all international congresses, their programs, bulletins, 


proceedings, reports. Since these are often hard to find, it would help 
a great deal if Fellows attending such congresses would turn over to 
the Library any such papers as they themselves do not wish to keep 


Such thoughtfulness would be deeply appreciated. 


TH 


specialists in fitting contact lenses 
for more than a quarter century 
Theo. E. Obrig, Inc. fits contact lenses only upon pre- 
scription and under the supervision of a physician. 


Expert in fitting all types of contact lenses including 
Lacrilens® and latest forms of cornea lenses. 


Lacrilens® and corneal type lenses can be worn for long 
periods of time in aphakia. 


Lacrilens® is particularly recommended for all sports 
including swimming. 


Careful attention to referred cases. 


Theo. E. Obrig, Inc. 
49 East 51st Street 
New York 22, N.Y. PLaza 8-0973 
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EEIEO. E. OBRIG, INC 
# 


NEW... intranasal synergism 
2 


SO AY unbreakable squeeze bottle. 
\ Leakproof, delivers 
y a fine mist. 
«ECONNGESTIVE 
Neo-Synephrine® HCl 0.5% 
ANTI-INFLAMMATORY 
Hydrocortisone 0.02% £ 


Thenfadil® HCl 0.05% 


ANTIBACTERIAL 
Neomycin (as sulfate) y 


0.6 mg./ce. 
Polymyzin B y 


(as sulfate) 


BOTENTIATED ACTION for 
better clinical results 


(| )ithnep tasorarones 


Neo-Synephrine hed = 


of 
trodemarks reg. U.S. Pat Off. 


3 
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F 15 cc. 
.\ 
ANTI-ALLERGIC 
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PATIENTS ON 
“MEDIATRIC” 
CAN EXPECT 
A HEALTHIER, 
HAPPIER 
“SECOND FORTY 


YEARS" 


Steroid-Nutritional Therapy 
Provides a 
Constructive Approach 


in Preventive Geriatrics 


“MEDIATRIC; 


AYERST LABORATORIES 
New York, N.Y. « Montreal, Canada 


5659 


SATISFACTION GUARANTEED 


Specialists in Plastic and Glass 
Artificial Human Eyes Exclusively 


Referred Cases Carefully Attended 


FRIED & KOHLER, Inc. 


665 FIFTH AVENUE near 53rd Street 
NEW YORK, N. Y. Tel. Eldorado 5-1970 


PROTEIN-BOUND IODINE 
TOTAL IODINE 


PAPER ELECTROPHORESIS 
CATECHOL-AMINES 
STEROID CHEMISTRY 
CLINICAL CHEMISTRY 


BOSTON MEDICAL 
LABORATORY 


Directors 
JOSEPH BENOTTI NORBERT BENOTTI 


Medical Director 
FRANCESCA M. RACIOPPI, M.D. 


19 Bay State Road 
Boston 15, Mass. 


CO 6-3402 


PROMPT SERVICE 


NTRAVENOU Compatible with common 
I - Stable for 24 hours in 
solution at room temperature. Aver= 
age IV dose is 500 mg. given at 12 
hour intervals. Vials of 100 ng., 
250 mg., 500 mg. 


NTRAMUSCULA Used to start a pa- 

€ S regimen immediately, 

or for patients unable to take oral 
medication. Convenient, easy-to-use, 
ideally suited for administration 

in office or patient's home. Supplied 
in single dose vials of 100 ng,, 
refrigeration r ey 


ERAPEUTIC BLOOD LEVELS ACHIEVED 
IN MINUTES -- SUSTAINED FOR HOURS 


Many physicians advantageously use 
the parenteral forms of ACHROMYCIN 
in establishing immediate, effective 
antibiotic concentrations. With 
ACHROMYCIN you can expect prompt 
control, with minimal side effects, 
over a wide variety of infections - 
reasons why ACHROMYCIN is one of to- 
day's foremost antibiotics. 


LEDERLE LABORATORIES DIVISION, AMERICAN CYANAMID COMPANY, PEARL RIVER, NEW YORK a> 
"Reg. U. S. Pat. Off. 


i ae 
| 
i 
= 
_ 
\ | \ 
Lederle 
= 
fi, 


for those with 


PARKINSONISM 


& BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, N.Y. 


“...in our experience procyclidine (Kemadrin) proved a worthy 
addition to the therapy of parkinsonism, because it afforded relief 
to many patients who had failed to respond to other drugs. It 
exerts an action against all symptoms of parkinsonism. .. hence it 
may be employed as the basic drug in commencing treatment 
with new cases.” 

Zier, A. and Doshay, L. J.: Procyclidine Hydro- 


chloride (Kemadrin) Treatment of Parkinsonism 
in 108 Patients, Neurology (July) 1957. 


“...in our series of 30 severe Parkinsonism sufferers, 21 obtained 
moderate to good relief with the use of this new agent, Kemadrin, 
in combination with other drugs.” 


Lerner, P. F.: Kemadrin, a New Drug for Treat- 
ment of Parkinsonian Disease, J. Nerv. & Ment. 
Dis. 123:79 (Jan.) 1956. 


Smoother activity, 
and brighter expression 


Also indicated for the treatment of drug-induced 
symptoms resembling parkinsonism, developing 
during treatment of mental patients. 


‘KEMADRIN’ brand Procyclidine Hydrochloride 
Tablets of 5 mg., scored. Bottles of 100 and 1,000. 


NOVEMBER 1957 


now in cream form_ 


STEROSAN-Hydrocortisone 


(chlorquinaldol cGe1cy with hydrocortisone) cream 


comprehensive control of skin disorders 
infectious dermatoses - contact dermatitis - atopic dermatitis - —. pruritus 


sk combats infection STEROSAN®-Hydrocortisone (3% chlorquinaldol GEIGY with 
% hydrocortisone) Cream and Ointment. Tubes of 5 Gm. 
reduces inflammation Prescription only. 
itching and when a nonsteroid preparation is preferred STEROSAN® 
controls i (chlorquinaldol GEIGY) 3% Cream and Ointment. Tubes of 
promotes healing 30 Gm. and jars of 1 Ib. Prescription only. 


GEIGY 


Ardsley, New York 


choice salt substitute in a pinch... 


and in any low-salt diet you prescribe 


DIASAL 


salt without sodium 


looks like salt... 
tastes like salt... 
flavors food like salt 


DIASAL, containing potassium chloride, 
glutamic acid and inert ingredients, is sup- 
plied in 2-ounce shakers and 8-ounce bottles. 


SE iE. FOUGERA & COMPANY, INC - NEW YORK 13, N.Y. 
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PROBLEMS OF AGING 


A collection of 19 papers from the 28th Annual Graduate Fortnight 
of The New York Academy of Medicine 


CONTRIBUTORS 
Thomas P. Almy Frank Glenn Henry T. Randall 
Francis J. Braceland Robert H. Kennedy Dickinson W. Richards 
Joseph J. Bunim John S. LaDue Howard A. Rusk 
Irving S. Cooper Albert I. Lansing N. W. Shock 
Condict W, Cutler, Jr. Clive M, McCay Fredrick J. Stare 
William Dock Ross A. McFarland James L. Whittenberger 
E. M. Papper 
° 


240 pages, Illustrated, Paper Cover; $3.50—Published December 1956 


Distributed by George Eliot 
Medical and Scientific Books 
1302 Second Avenue, New York 21, N. Y. . RHinelander 4-4865 


Herald Square, N. Y. 


Porkchester, Bronx Jamaica, Queens 


White Plains, N.Y Flatbush, Brooklyn 


MACY'S PRESCRIPTION DEPARTMENT 


Macy's cooperates with the medical profession to control the 
indiscriminate use of dangerous drugs. If a patient wishes to refill a 
prescription containing any drug which may be harmful if used with- 
out supervision, the physician is immediately notified. And with the 
physician's approval, the prescription is accurately compounded, 
carefully checked. 


No wonder so many physicians prefer Macy’s Prescription Department. 


...in the majority of your arthritic cases BUFFERIN alone can safely and 
effectively provide adequate therapeutic control without resorting to the 
more dangerous cortisone-like drugs. 


... BUFFERIN is better tolerated by the stomach than aspirin, especially 
among arthritics where a high dosage, long term salicylate regimen is 
indicated. 

... BUFFERIN provides more rapid and more uniform absorption of 
salicylate than enteric-coated aspirin. 

...even in the relatively few cases where steroids are necessary, use of 
BuFFERIN will allow proper flexibility for individual dosages. 

... BUFFERIN is more economical for the arth- 

ritic who requires a long period of medication. 

... BUFFERIN contains no sodium, thus mas- 


sive doses can be safely given without fear of 
sodium accumulation or edema. 


Each sodium-free BUFFERIN tablet contains acetylsalicylic acid 
5 grains, and the antacids magnesium carbonate and aluminum glycinate. 


Bristol-Myers Company, 19 West 50 Street, New York 20, New York 
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New Product 


CONTROL 
BLEEDING 
daring and 
after unger 


STAT 


(ORGANON) 


A COMPLETE SYSTEMIC HEMOSTAT 


Adrestat complements the surgeon's skill by providing a new concept 
in the control of operative and postoperative bleeding. It promotes re- 
traction of severed capillary ends and controls capillary bleeding and 
oozing; prevents bleeding due to hypoprothrombinemia; and prevents 
or corrects abnormal capillary permeability and fragility. Indicated 
in virtually every surgical procedure and in hypoprothrombinemia. 


AVAILABLE: 
ADRESTAT capsules and lozenges, each containing: 


Sodium Menadiol Diphosphate _. 
(Vitamin K Analogue) 
Hesperidin, Purified 
Capsules in boxes of 30; Lozenges in boxes of 20 
ADRESTAT (F) —1-cc ampuls, each containing: 
5 mg Adrenochrome Semicarbazone (present as Carbazochrome Salicylate*, 130.0 mg) 


Boxes of five 1-cc ampuls 
> ORANGE, N. J. 


*Pat. Nos. 2,581,850; 2,506,294 
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Adrenochrome Semicarbazone 2.5 mg 
(present as Carbazochrome Salicylate*, 65.0 mg) 


FOR THE ENTIRE RANGE OF RHEUMATIC-ARTHRITIC 
DISORDERS—from the mildest to the most severe 


many patients with MILD involvement can be effectively 
controlled with 


MEPROLONE 


many patients with MODERATELY SEVERE involvement 
can be effectively controlled with 


MEPROLONE 


\ and NOW for patients with 


>) Ly SEVERE involvement 


(x TABLETS 


The first meprobamate-prednisolone therapy 


the one antirheumatic, antiarthritic that 
simultaneously relieves: (1) muscle spasm 
(2) joint inflammation (3) anxiety and 
tension (4) discomfort and disability. 


SUPPLIED: Multiple Compressed Tablets 
in three formulas: ‘“MEPROLONE’-5 — 
5.0 mg. prednisolone, 400 mg. meproba- 
mate and 200 mg. dried aluminum hy- 
droxide gel. ‘MEPROLONE’-2— 2.0 mg. 
prednisolone, 200 mg. meprobamate and 
200 mg. dried aluminum hydroxide 
gel. ‘MEPROLONE’-1 supplies 1.0 mg. 
prednisolone in the same formula as 
*MEPROLONE’-2. 


MERCK SHARP & DOHME 
DIVISION OF MERCK & CO., INC. 
PHILADELPHIA 1, PA. 


*MEPROLONE!’ is a trademark of Merck & Co., Inc. 
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THE 


BULLETIN 


IN THE 


widely used 


natural, oral 


estrogen 


DESERVES 


“PREMARIN: 


EVERY WOMAN 


WHO SUFFERS 


MENOPAUSE 


AYERST LABORATORIES 
New York, N.Y. @ Montreal, Canada 


5645 


For acidosis due to anesthesia — edema 


KALAK 


Counter-Acts 


ANTI-BIOTIC | 
REACTIONS 


. -.. KALAK is a non- 
laxative, alkaline diuretic 
buffer — side reactions 

from aureomycin — terra- ! 
mycin ~- sulfas — penicillin 
are reduced through the 
use of KALAK — KALAK 

contains only those salts NORMALLY 
present in plasma. . . . IT IS BASIC! 


KALAK WATER CO. 
of NEW YORK, Inc. 


207 EAST 37TH STREET 
New York 16, N. Y. 


For acidosis due to nouseo — in nephritis 


PLASTIC AND GLASS EYES 


MAGER 
GOUGELMAN, Inc. 


OVER A CENTURY OF SERVICE + 1851-1957 
@ PRIVATE FITTINGS 

@ PERSONAL ATTENTION 

@ EXPERIENCE & SKILL 


120 East 56th St., N. Y. 22 
Telephone Plaza 5-3756 
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THE BULLETIN 


——> over 300 published papers 
——> 35,000 reported cases 


1,300,000,000 Gantrisin tablets 
taken safely since 1949 


This unequaled record of success and safety makes Gantrisin 
the synonym for uncomplicated sulfonamide therapy. 


ROCHE LABORATORIES « DIVISION OF HOFFMANN-LA ROCHE INC « NUTLEY 10 « N.J. 


Gantrisin® — brand of sulfisoxazole 
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These Actions 


@ Psychic sedative 

@ Antiemetic 

@ Antihistaminic 

@ Analgesic and narcotic 
potentiating 


These Uses 


Nausea and vomiting 
Motion sickness 

Surgical sedation 
Obstetrical sedation 
Allergic reactions 

Oral surgery and dental 
procedures 


These 
Areas of Practice 


@ General practice 
@ Anesthesiology 
@ Surgery 
@ Obstetrics 
@ Allergy 
Comprehensive literature @ Pediatrics 
a @ Geriatrics 


is available on request. @ Dentistry 
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24 steps to a hospital bed 


The commonest task, such as climbing a flight of 
stairs, confronts the angina pectoris patient with 
a fearful question: “Will 1 be able to make it?” 
Exertion leads to attacks... and fear of attacks 
leads to an increasing restriction of activities. Ulti- 
mately, even the attack-free intervals may lose all 
semblance of normal living. 

Remove the fear factor. In 4 out of 5 patients, 
routine prophylaxis with Peritrate reduces the in- 
cidence and severity of anginal attacks, improves 
abnormal EKG tracings and increases exercise 
tolerance. 


A new sense of freedom restores the “cardiac 
cripple” to a sense of usefulness and participation, 


although he should not now indulge in previously 
prohibited strenuous exercise. 


Peritrate prophylaxis is simple: 10 or 20 mg. be- 
fore meals and at bedtime. The specific needs of 
most patients are met with Peritrate’s five conven- 
ient dosage forms: Peritrate 10 mg. and 20 mg. 
tablets; Peritrate Delayed Action (10 mg.) for 
protection continued through the night; Peritrate 
with Phenobarbital (10 mg. with phenobarbital 
15 mg.) where sedation is also required; Peritrate 
with Aminophylline (10 mg. with aminophylline 
100 mg.) in cardiac and circulatory insufficiency. 


Usual Dosage: A continuous schedule of 10 to 20 
mg. before meals and at bedtime. 


Peritrate’ 


(brand of pentaerythritol tetranitrate) 


WARNER-CHILCOTT 


100 YEARS OF SBERVICE 


HE MEDICAL PROFESSION 
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MONILIAL OVERGROWTH iN 25 PATIENTS 
ON TETRACYCLINE ALONE’ 


Now...victory over infections 
e pharmacodynamically superior 
therapeutically unsurpassed 


With Mysteclin-V you get faster and greater absorption 

of tetracycline than ever attainable in the past... providing’ 
all the benefits of well-established tetracycline therapy. 

For practical purposes, Mysteclin-V is sodium-free. 


MONILIAL OVERGROWTH IN 25 PATIENTS 
ON TETRACYCLINE PLUS MYCOSTATIN’ 


Mycostatin in Mysteclin-V prevents gsatrointestinal monilial overgrowth, 
thereby mirimizing the possibility of antibiotic-induced monilial superinfection. 


Tetracyctine phosphate 


Supply complex, equiv. to 
tetracycline (mg.) 
Capsules (per capsule) 250 
Half 
Capsules capsule) 125 


Suspension (per 5 cc.) 


125 


Pediatric Drops 
Der cc.—20 drops 


100 


1. Childe, A. J.: British M. J. 1:660 (March) 1966. 
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ab: Squibb Quality—the Priceless Ingredient 


Before After 7 days Before After 7 days . 
therapy of therapy therapy of therapy : 
OoO0000 
eceee | eeceee | 00008 
Monilia! overgrowth (rectal swabs) O none @ @ 
Packaging 
and 100 
and 100 


Doctor: Have you ordered these- 
NEW BLAKISTON BOOKS? 
Williamson 
THE HEALING OF 


and the ‘molecular’ discussed out 
‘bok, Sa the the illus. $7.00. 
Grant 


CLINICAL. ELECTROCARDIOGRARHY 
THE SPATIAL VECTOR APPROACH 


By Robers P. Crem, MD. This is a basic book im all 
aspects of clinical electrocardiography. The uni way the 
vector method is explained, to emphasize the simplicity of this method, and the book 


perform them. Comments cencersing treatment ere restricted to situations where 
controls ply major role. L005 pp. 6 $15.00, 


Javert .. . SPONTANEOUS & HABITUAL ABORTION 
By Cat Jevert, M.D. 
from the clinical, obstetric, end 

BABITUAL ABORTION brings « 
msec and general physician. 450 pp., 196 unique illus. 6 «x 9, $11.00, 


By Townley Paton, M.D. Katsin, M.D., with illustrations by Daisy 
procedures for operating techniques. ME pp. 8 x 11, 464 ills. 315.00. 


.£walt, Strecker, Ebaugh 
PRACTICAL CLINICAL PSYCHIATRY,” 


By Jock R. Ewalt, M.D, Edward A. Strecker, M.D. and Franklin C. Ebaugh, MD. 
This is the thoroughly revised edition of » highly successful text for general practitioners 
beginning their training in psychiatry. Thie new edition contains 37 chapters instead of 
the former 15, including new sections on child , the mentally 

child, and rehabilitation. 441 pp. 6 x 9, illus. 


Order your on-approval copy today from 
BLAKISTON DIVISION, McGRAW-HILL BOOK COMPANY, INC. 
330 West 42nd Street, New York 36, New York 


4 
| Edited by Martin 8. Williamson, PhD. with many noted physician-contributors, Sut 
geons, ecologists, obstetricians, and genera) physicians can make immediste clinical 
| 
shows how it makes clinical interpretation easier, Approx. 305 pp. 5% = 3%, 
Wolman 
LABORATORY APPLICATIONS IN CLINICAL PEDIATRICS 
By Irving J. Wolman, M.D. The main purpose of the work is to enable the practitioner oe 
te make intelligent use of routine laboratory tests as aids im the munegement of his ra 
; diatric patienta. A book om uses and applications of tests, rather then on bow to bse 
labera- 
Paton, Katzin; Stilwell... ATLAS OF EYE SURGERY 


